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This country has a growing waste disposal problem. Common sense, the 
National Environmental Policy Act (NEPA), and the Environmental 
Protection Agency (EPA), decree that recycling should be part of the solution. 
Polyethylene Terephthalate (PET), which is reclaimed from soft drink bottles, 
is the most widely recycled post-consumer plastic. New markets are needed 
for the growing volume of reclaimed PET. The objective of this thesis is to 
show that geotextiles are a reasonable candidate for the use of reclaimed PET 
because of their technical feasibility and economic viability.
Geotextiles are permeable construction fabrics which serve the functions 
of separation, reinforcement, filtration, and drainage. Nonwoven geotextiles 
are manufactured from various polymers and can be produced using recycled 
PET. Either a staple fiber or a continuous filament process can be used.
The hygroscopic nature of PET resin causes a decrease in the molecular 
weight, ultimate elongation and ultimate tenacity during reprocessing. 
Because bottle grade PET starts out as a high quality resin, these effects are not 
significant in geotextile production. However, the contamination level in 
most recycled PET causes it to be incompatible with the sensitive production 
equipm ent used to produce continuous filament geotextiles. The staple fiber 
process is more compatible with the recycled resin but does not produce the 
physical and mechanical properties of the continuous filament process.
A test program  was undertaken to show that geotextiles produced with 
recycled PET met the requirements of the industry standards for grab strength,
iii
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elongation, puncture strength, burst strength, tear strength, apparent opening 
size, permeability, and resistance to ultraviolet degradation. The properties of 
a geotextile produced from recycled plastic were compared to the properties of 
a geotextile produced from virgin resin. The geotextiles in this test program 
were Quline™, a staple fiber geotextile produced from 100% recycled PET in 
weights of 8 and 12 o z /y d ^  and Trevira™, a continuous filament geotextile 
produced from virgin polyester in weights of 7.5 and 12 oz/yd^.
The test results confirmed that the geotextiles m anufactured from recycled 
plastic met the requirements of the specifications to the limits of confidence 
in the tests. The results demonstrated that the 7.5 o z /y d ^  Trevira geotextile 
was similar in performance on all stress based tests to the 12 oz/yd^  Quline 
fabric. This is attributable to the manufacturing processes used in the 
production of these two geotextiles. Continuous filament geotextiles 
generally have a higher stress to weight ratio than staple fiber geotextiles.
The economics of producing geotextiles from recycled resin are not 
currently favorable, except for those who reclaim the plastic in-house and use 
the staple fiber process. Demand has driven recycled PET resin prices to a 
level that can’t compete w ith the geotextiles produced from virgin resin.
This dem and for recycled PET is primarily due to methanolysis processing 
being attem pted by the large soft drink manufacturers. The EPA is scheduled 
to issue procurem ent guidelines for government agency purchase of 
geotextiles m anufactured from recovered plastics. These and other 
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The United States produces over 180 million tons per year of municipal 
solid waste. Approximately 85 percent of this trash is currently being buried 
in landfills. However, in many parts of the country, landfills are reaching 
capacity and the lack of space is driving tipping fees up to a point where it is 
fast becoming more economical to recycle the waste than to bury it. This 
thesis explores one facet of the emerging industry of recycling - the technology 
of manufacturing geotextile construction fabrics from recycled polyethylene 
terephthalate.
1.1 The Waste Disposal Problem
The staggering figure of over 180 million tons per year of municipal solid 
waste (MSW) does not include the country's 7.6 billion tons per year of 
industrial nonhazardous waste (including air and water emissions) or the 
growing volume of MSW ash, mining waste, or medical waste (Rhein 1991). 
Hazardous waste in amounts exceeding 550 million tons per year m ust also be 
included to complete the dismal picture (Wentz 1989). There is and has been 
a great public outcry for solutions to the country's waste disposal problem.
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The Environmental Protection Agency (EPA) has established a priority 
system for solving the problems surrounding the country's MSW disposal 
issue. This system sets up a hierarchy of alternatives; waste reduction, 
recycling, incineration, and landfilling. The EPA has set target percentages for 
disposal alternatives by 1992 of 55% landfill disposal, 25% recycling, and 20% 
incineration (Voss 1989). Currently, approximately 85% of the MSW stream 
is disposed of in landfills, about 10% is recycled, and about 5% is burned 
(Spencer 1990).
Incineration holds some appeal for the public as a way to reclaim energy 
from their trash. Several types of incineration systems are currently being 
utilized. Mass burn systems burn the MSW directly with very little 
processing. Refuse derived fuel (RFD) systems separate noncombustible 
materials from the waste stream and shred the remaining materials for 
enhanced combustion. Plastic wastes contribute to the quality of this fuel 
source because they have a heating value of at least 12,000 BTU per pound, 
roughly equivalent to that of coal (Rebeiz 1992). Hybrid systems preprocess 
the waste for the recovery and recycle of select materials before incineration 
(Miller 1991). Because the energy value of the waste stream can be very high, 
waste-to-energy facilities are becoming a lucrative business, especially on the 
East Coast where landfill tipping fees are prohibitively high.
However, incineration has come under increasing fire from 
environmental groups and citizens groups concerned about the potential 
hazards of the stack emissions. The ash from these incinerators occupies a 
much smaller space than the original feed, but can still am ount to significant
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volume. The ash must also be disposed of and the flyash in particular can 
contain high concentrations of hazardous waste, such as lead and cadmium, 
which can necessitate placing it in special hazardous waste containment 
facilities (Cheremismoff 1989). Solutions to the ash problem are currently 
being developed. Attempts are being made to separate out the more 
hazardous materials. Progress is also being made in reclaiming the ash. One 
of the more promising solutions may be the conversion of the ash to an 
aggregate product.
1.1.1 The Recycling of Plastic
Recycling trash into useful products is generally a more appealing disposal 
option for the American public. However, the public appeal of recycling is 
not the only force driving the recycling industry. Local and state legislation 
has driven many in the plastics industry to support recycling. Several 
proposed laws would have banned the use of certain types of plastics and 
taxed products which were not either recyclable or made of recycled materials. 
Such bans and taxes have generally failed to pass into law. However, their 
proposal has changed the perspective of the plastics industry and motivated 
them to spearhead and finance plastic recycling research (Glenn 1990).
The recycling industry is seeing the most concentrated development of 
technology in the reclamation of plastics. Various types of plastic make up 
approximately 7% of all MSW by weight and as much as 20% by volume. At
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this time plastics are the second most valuable recyclable in the MSW stream, 
following the aluminum component (Armstrong et al. 1989). Containers 
make up about 20% of the total plastics market (Glenn 1990).
The number one plastic resin in post-consumer processing is currently 
Polyethylene Terephthalate (PET) which is reclaimed primarily from soft 
drink bottles. In 1989 the National Association for Plastic Container Recycling 
estimated that 190 million pounds of PET bottles were recycled (Glenn 1991). 
This figure is trending upw ard as more post-consumer plastic is collected.
1,1.2 The M arket Trends for Recycled Plastic
Public sentiment and the resulting political and legal incentives for plastic 
recycling are fueling the collection of increasing amounts of material. As this 
happens there is a growing demand for more end uses for the reclaimed 
plastic resins. Effort m ust be made now in the early stages of plastic recycling 
to ensure markets for the reclaimed resin. Although dem and currently 
exceeds supply in the waste plastic arena, other segments of the recycling 
industry are nearing a crisis point as materials such as newspaper and mixed 
glass have flooded the available markets. This is affecting the economics of 
the industry, even forcing some recyclers to bury these lower value collected 
materials (Allen 1992).
More markets will be needed for the use of the recycled resin. One 
industry which shows promise as an end user of these recycled plastics is the
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construction industry. Insulation, pipelines, and geosynthetic construction 
fabrics are a few of the products in which the purified resins are already being 
utilized to some extent. One class of geosynthetic construction fabrics, the 
geotextiles, has engineering properties and applications which make it a 
particularly strong candidate for the use of post-consumer recycled plastic 
resin.
Geotextiles are defined as "any permeable textile material used with 
foundation soil, rock, earth, or any other geotechnical engineering related 
material, as an integral part of a manmade product, structure or system" 
(ASTM 1991). These construction fabrics are manufactured from various 
plastics, most commonly polypropylene or polyester. Their application 
generally includes at least one of these functions: separation, reinforcement, 
filtration, or drainage. Geotextiles have been widely accepted in the 
construction industry and have experienced a remarkable increase in 
application in the nearly 35 years which they have been in use.
The production of geotextiles from recycled resin is currently limited to a 
very few manufacturers in the United States. As both the economics and 
regulations governing the use of recycled plastic evolve, this may well 
change. One aspect of recycled geotextile marketing which is noticeably 
lacking is the education of the civil engineers who would specify these 
geotextiles in their designs.
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1.2 Literature Review
The current literature contains a fair volume of information on the 
recycling of plastics. Most of these articles address the problems of 
successfully instituting recycling programs in various municipalities, the 
problems with collection and transportation costs, the problems with 
separation of various types of plastics and the state of the art technology for 
plastic reclamation. Some of the more comprehensive articles include: Jim 
Glenn’s "Progress in Plastics Recycling" (1990) and "An Industry Shapes Up 
for Recycled Plastics" (1991); David Spencer's "New Technology Development 
in Plastics Recycling" (1990); David Voss' "Plastics Recycling: New Bottles for 
Old" (1989); and Cheremismoff s' "Special Report: The Plastics Waste 
Problem" (1989).
There is also a fair volume of information on geotextile technology, 
focusing primarily on new products and new applications for geotextiles and 
on design strategy for these construction fabrics. Some notable contributions 
in this area are Joseph Fluet's "Nonwoven geotextiles: types and applications" 
(1989) and Thomas Stephens' "Geotextiles: a building component of 
necessity" (1989). Each of these papers presents a concise assessment of 
current practice in geotextile application. Stephens’ work includes an 
assessment of the U.S. and worldwide market for geotextiles.
Within the past year, articles have begun to appear addressing the 
potential usefulness of recycled plastic in the construction industry. Kathy 
McCreedy’s "Recycled Plastics in Construction" (1991) contends that recycled
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plastics offer an opportunity to address the problems of solid waste and of 
diminishing prime wood resources while providing builders and consumers 
w ith high-quality building products. She overviews the availability, 
legislation, and performance of recycled plastics in the construction industry. 
Teresa Austin's "Building Green" (1991) examines the development of 
alternative building materials which are either environmentally benign or 
recycled. K. S. Rebeiz's "Recycling Plastics in the Construction Industry" 
(1992) examines the use of reclaimed plastics in wood and concrete 
substitution applications.
Several of these articles make passing reference to the fact that geotextiles 
can be manufactured from recycled plastics. Geotextiles are generally 
included in a list of several potential markets for the reclaimed polymers or 
mentioned briefly in the form of a specific application of geotextiles 
m anufactured with recycled plastic. However, there appears to be a dearth of 
published information concerning the technology, manufacture, and 
performance, of geo textiles which are manufactured with recycled resin.
1.3 Objective
This thesis will be a small step toward addressing this lack of information. 
It is being undertaken as part of the United States Bureau of Reclamation’s 
(USBR) research program on Geosynthetic Construction Materials and will be 
m ade available to the design engineers in that organization. The project is
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based on the hypothesis that the geotextile industry is a reasonable candidate 
for the use of the increasingly available post-consumer recycled plastic. 
Specifically, this thesis will demonstrate that geotextiles are both technically 
and economically suitable for manufacture with post-consumer recycled 
plastic resin. Establishing these two points will demonstrate that geotextiles 
are one potential answer to the need for markets for recycled plastic resin.
General background for both plastic recycling technology and geotextile 
technology is considered im portant in achieving the objectives of this paper. 
It is provided in Chapter 2. The technical and engineering suitability of 
geotextiles for the use of post-consumer recycled plastic is discussed in 
Chapter 3. A comparative test program using the industry standards for 
physical and mechanical properties required of geotextiles is described in 
Chapter 4. The engineering sufficiency of the geotextiles is clearly shown in 
the results of these physical tests found in Chapter 5. The economic viability, 
as discussed in Chapter 6, proves to be highly dependent on public sentiment, 





A major objective of this thesis is the dissemination of information 
concerning geotextiles m anufactured with recycled polyethylene 
terephthalate. This objective will be best served by an introductory treatment 
of the background technologies involved. The history and technology of 
plastic recycling will be examined followed by a brief look at the history and 
current technology of the geotextile field.
2.1 Recycled Polyethylene Terephthalate
Although there are other types of plastics utilized in the U.S., such as 
engineered thermoplastics (e.g. Teflon) and thermosets (e.g. polyurethane), 
the focus in recycling is on common thermoplastics. Six of these 
thermoplastics account for about 71 % of all plastic resins sold in the U.S. 
(Glenn, 1990). Table 2.1 gives a breakdown of these sales.
The number one plastic resin in post-consumer processing is currently 
PET. The second most common resin recycled in the post-consumer area is
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Table 2.1: Common Thermoplastic Resin Sales, 1989
Type Billion pounds
Low-density Polyethylene (LDPE) 10.64
Polyvinyl Chloride (PVC) 8.31
High-density Polyethylene (HDPE) 8.12
Polypropylene (PP) 7.25
Polystyrene (PS) 5.18
Polyethylene Terephthalate (PET) 1.91
Source: Modern Plastics, January 1990
HDPE, which is used in clear milk, water, and juice jugs as well as in rigid 
containers. Notable increases in the amounts of LDPE (used mainly in thin 
film products) and polystyrene recycled should be observed in the near future 
as the technology and market for their reclamation broadens. Recycling of 
PVC and PP resins is being accomplished on a more limited scale.
Residential recycling of plastics has had to overcome several obstacles as it 
has gained acceptance. The most formidable of these has been a negative 
public perception of the plastics industry in general and of plastic's 
recyclability in particular. Misinformation about the recyclability of plastics
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has been the most serious problem. Because early methods of plastic recycling 
were unable to guarantee a level of purity on par with the virgin resins, a 
large portion of the public was led to believe that plastic could not be 
successfully recycled.
Several well publicized plastic recycling programs have increased public 
awareness of plastic recycling. A 1989 Gallup Survey found that only 40 
percent of consumers polled knew that the technology exists to recycle 
plastics. In 1990 a repeat of the survey showed that 56 percent of those polled 
realized that plastics can be recycled (McCreedy 1991). However, other 
obstacles remain in the reclamation of these polymers. Among these 
obstacles are difficulties with collection, separation, and processing of the 
plastic.
2.1.1 Collection M ethods
The most basic method of collecting post-consumer plastic is recovering 
the recyclables directly from the MSW collection. This process is something 
like mining the valuables from the trash stream. It simplifies the process by 
cutting out the need for public education or involvement. Although these 
processes are significantly more expensive to operate than simpler and more 
common recycling programs, the economics are such that more than 145 
facilities are either currently operating or scheduled to begin this process of 
collecting recyclable trash straight from the trash truck.
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In areas of the country where land and landfill space are still relatively 
cheap, resource recovery facilities dum p the contents of their trash trucks 
onto a conveyor belt and remove the most valuable recyclables: cardboard, 
aluminum, glass, tin, and some plastics. The remainder of the trash stream is 
then reloaded onto trash trucks to be transported to a landfill.
On the East Coast, a more comprehensive approach to trash recovery is 
economical. Environmental Recovery Systems, Inc., which operates in the 
Connecticut area, is one of several companies which will do a nearly 
complete extraction of recyclables and then compost the remaining organic 
portion of the trash stream to fertilizer. They expect to be able to recover 
more than 90% of the MSW stream. The wTe Corporation operates similar 
facilities but integrates the production of refuse based fuel and subsequent 
incineration at several of their facilities.
Recovering recyclables from the MSW stream is a fairly new technology. 
Drop off locations were the main collection method used in the early 
attem pts at plastic recycling in the mid 1980s. Some voluntary drop off 
program s are still in operation in convenience and grocery stores, deposit 
stops, and as part of larger reprocessing operations. The advantage to the drop 
off mode of collection is the obvious savings in transportation costs. The 
disadvantages are the inconvenience to the public and subsequent low 
participation rate which severely limit the am ount of plastic that can be 
collected. Deposit laws in many states are increasing the use of this type of 
collection.
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Curbside collection has become the most popular collection method as the 
plastics recycling business has matured and become profitable. Curbside 
collection is accomplished either in conjunction with trash removal or by a 
separate company. The Council on Solid Waste Solutions (now reorganized 
as Partnership for Plastics Progress) estimates that there are currently 
approximately 300 curbside programs collecting one or more types of plastics 
(Glenn 1990).
Excessive volume can be a difficult facet of collecting recyclables. This is 
especially true in collecting plastics, which have a very low density.
Collection costs represent the largest percentage of the total cost of a curbside 
recycling program  - making excessive volume a serious financial 
consideration. Uncompacted plastics can take up more then one-third of the 
volume on many recycling vehicles, but total just five percent of the 
recyclables by weight (Chagnon 1990). Solutions range from attaching mesh 
cages or bags to the collection vehicles to using compaction or granulation 
units on the trucks. Compactors and granulators reduce the density 
significantly. Granulators provide the added benefit of reducing the material 
to a uniform, consistent size which often receives a price premium over baled 
or loose material.
Most recycling programs started out accepting one (PET), or at most two 
(PET and clear HDPE), types of plastics in their collections. However, within 
the past few years the industry seems to have come to an agreement that it is 
preferable to collect and process all types of plastics. An increased 
participation rate is attained if residents can simply throw all plastics into a
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recycling bin. The major disadvantage of accepting all types of plastics is that 
they have to be separated to yield a high value product.
2.1.2 Separation Technology
When plastics are removed directly from the waste stream or when they 
are collected along with other recyclables (such as glass, metal, or paper), they 
m ust be isolated in order to be further processed. Drop-off programs generally 
collect glass, metal, paper, and plastics separately. Most curbside collections 
utilize a compartmented truck of some sort which preserves the initial 
separation of recyclables made by the residents. Curbside programs where all 
recyclables have been collected in one container will generally be separated 
manually into glass, metal, paper, and plastic components at the collection 
facility or by the collection crew at curbside.
Comprehensive municipal waste stream programs such as those 
employed by wTe and ERS, where the recyclables are mixed in with various 
organic wastes, require a more involved procedure. Most of the separations 
are accomplished using machinery derived from the mining and metallurgy 
industry which has proven methods of separation, extraction, and 
purification. These may include low-speed shredders, trommel screens, 
conveyors, magnetic head pulleys, eddy-current separators, hammermill-type 
shredders, and air classifiers in addition to manual sorting.
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Once the plastics are isolated from other recyclables and organic wastes, the 
various types of polymers must be separated. Applications for co-mingled 
plastics have been developed and arguments for their economic viability 
abound. However, sorting the plastics by individual polymer type, and then 
even further by color or physical properties, substantially increases the value 
and marketability of the material. In 1990 sorted plastics dem anded two to 
four times the price of mixed loads (Watson 1990).
The current practice in plastic separation technology is manual separation 
of the plastics on a slow moving conveyor at the processing plant. This is 
very expensive and not accurate enough for m any applications. Although 
the familiar PET soda bottles and clear HDPE milk jugs are easily identified, 
rigid HDPE, rigid PS , PVC and glycol-modified PET prove much more 
difficult. Recycling codes stamped on the containers are not quickly accessible 
to sorters working at a rate of greater than a bottle a second. Typical samples 
of twice-hand-sorted bottles are about 95% pure (Carroll 1991). David B. 
Spencer (1990), president of wTe, is quoted as saying that plastics m ust often 
be at least 99.9% pure if they are to be reused as substitute polymers to virgin 
or off-grade materials.
Plastics separation technology is moving toward automated processing, 
although such systems require tremendous capital investment. Separation 
processes include density separations using dense media or hydrocyclone 
technology, processes utilizing differences in surface tension, cryogenic 
granulation, and solvent extractions. Modification m ust often be m ade to
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account for the propensity of the plastics' polymer structure and physical 
properties to change when processed at elevated temperatures.
The use of additives as tag identifiers in the initial production of plastic 
containers to aid in later separations is being widely researched. Additives 
such as fluorescent molecules could aid in automating separation. Additives 
called "compatibilizers " could render different resins miscible so that 
otherwise incompatible plastics could be blended. Additives to the recycled 
plastics could improve the lifespan, durability and performance of products 
m ade with reclaimed resins (Voss 1989).
2.1.3 Processing Technology
Reprocessing the reclaimed plastic after it has been separated from other 
polymers is a straightforward, though expensive, process. The collected 
plastic is cleaned, shredded or ground, then melted and reformed in an 
extruder and put back into the manufacturing process. However, 
contamination of several types can complicate this process. The cleaning step 
is crucial in this process, as contamination of the resin can restrict subsequent 
use of the plastic.
In the past, recyclers refused to accept containers which had contained 
soap, oil, or pesticide residues. Recently, they have begun to relax their 
standards to increase their collection quantities. This change necessitates 
more careful handling of these potentially dangerous or odorous containers
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and significantly more intense cleansing process steps. Equipment which is 
constructed of specialized alloys which resist excessive wear by abrasives like 
sand, metal, and glass, is necessary in some facilities (Brewer 1990b).
Biodegradable plastics can be a contaminant in the plastics recycling 
process. These plastics are designed to imitate naturally degrading matter as a 
result of the addition of a cornstarch type constituent which is attacked by 
bacteria. Photodegradable plastics rely on additives sensitive to ultraviolet 
rays to break chemical bonds and disintegrate the plastic. Compostable 
polymers are a new product produced from polylactide based homopolymers 
or other "natural polymers" which claim to be 100% biodegradable or even 
water soluble (Lindsay 1992). The mechanical properties of these degradable 
plastics are generally inferior to conventional plastics. If degradables get 
mixed into the recycle stream it can compromise the physical properties of the 
recycled product.
Another processing problem can be the combination of more than one 
polymer in the same container. Most PET soft drink bottles have a base cup 
made of HDPE and a cap made of aluminum. In many PET recycling systems, 
the base cups and caps must be removed before processing the bottles. There 
are some processes where the two materials are granulated together then 
separated by a water floatation system (Glenn 1991). In one such system the 
bottles are reduced to chips by a grinder, washed in a detergent solution to 
remove labels and adhesives, then separated in a hydrocyclone to an HDPE 
underflow  and a PET/alum inum  overflow where the alum inum is removed 
by electrostatic separation (Voss 1989).
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Even within a single resin type, virgin materials are formulated with 
specific properties such as differing "melt index" to meet the needs of specific 
applications for stiff or flexible containers. These differences m ust be taken 
into account when the end use requirements of the resin are rigorous.
2.2 GEOTEXTILES
Geotextiles are part of a larger class of construction materials, called 
geosynthetics, which includes such materials as geomembranes, geonets and 
geogrids. These materials are used to augment or enhance landscaping, roads, 
canals, dams, or landfills. Often they serve as a substitute for more traditional 
construction materials such as drainage gravel or clay (Compressed Air 1991).
The use of geotextiles goes back almost 2000 years to when the Romans 
reinforced their famous roads with woven mats in areas where the soil was 
soft. Other historical uses of "geotextiles" include reinforcement of Dutch 
embankments with willow branch mats and U.S. use of asphalt oil saturated 
cotton batting on unpaved roads during the Depression in the late 1920s and 
early 1930s. The current generation of geosynthetics was developed in the late 
1950s. Their sales growth was slow in the 1960s and 1970s before increasing 
almost 400% in the 1980s. This growth delay has been attributed primarily to 
"the liability issues which predispose civil engineers to use only established 
methods" when designing and specifying materials (Fluet 1989).
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2.2.1 Applications
The application of geotextiles generally includes at least one of the 
functions of: separation, reinforcement, filtration, or drainage. In addition to 
other applications, geotextiles are used to stabilize roadways, drain runoff 
away from landfills and protect membrane liners used in landfills and canals.
Separation is the segregation of two different soil materials.
Reinforcement is the strengthening of a weak subgrade. Filtration is the 
retention of soil or aggregate with the passage of a fluid allowed. Drainage is 
similar, but occurs when the fluid flow is within the plane of the textile (Fluet 
1989).
Other less frequently utilized applications for geotextiles include: 
geotextile curtains hung alongside an earth or rock mass to prevent the 
passage of light or of falling rocks; geotextile ties attached to two earth, rock or 
concrete masses to keep them together; and geotextile lubricators placed 
between two materials to reduce adhesion and friction (Giroud 1984).
The large range of functions performed by geotextiles requires a full range 
of engineering properties. While some functions require a high coefficient of 
friction, others require a low coefficient. Permeability is the main criterion in 
some applications while tensile strength is most crucial in others. The 
different types of geotextile which are currently available provide these 
differences in physical properties.
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2.2.2 Types and M anufacture
Geotextiles are manufactured from various plastics, most commonly 
polypropylene or polyester. Polyethylene and polyamide are less frequently 
used, although polyethylene geotextiles are being more frequently considered 
due to their resilience in an alkaline or waste environment. Some polyesters 
have a high alkalinity degradation, however, they exhibit good ultraviolet 
stability, good temperature stability, and good creep resistance. Polypropylene 
has poor ultraviolet, stability w ithout the addition of carbon black and is 
somewhat creep sensitive, however, it is not sensitive to varying pH, has 
good tem perature stability, and has a relatively low cost (Matrecon 1988).
Geotextiles are generally fabricated either as woven or as non-woven 
fabrics. In 1988 the woven geotextiles accounted for 31% of the U.S. geotextile 
consumption compared to 69% for nonwovens (Stephens 1989). A 
significantly less common fabrication in the geotextile industry is knitted 
m aterials.
Woven geotextiles are produced using threads which are either extruded 
filaments with a circular section or flat ribbons produced by splitting a plastic 
film. They are produced on w ide width industrial weaving looms. Woven 
geotextiles generally exhibit high tensile strength, high tensile m odulus, and 
low elongation. They dominate the stabilization, separation, and 
reinforcem ent markets.
The non-woven geotextiles are produced by arranging either staple fibers 
or a continuous filament in a random  web then compressing and bonding
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this web chemically, thermally or mechanically. Chemical bonding is 
accomplished using a resin to fix the fibers together. Thermal bonding, or 
heat fusing, is accomplished by heating and compressing the fibers - causing a 
partial melting. Mechanical bonding is accomplished by subjecting the web to 
high speed needle-punching which entails alternate runs of thousands of 
small needles entangling the fibers.
2.2.3 Current Engineering Specification
Geotextiles have been widely accepted in the construction industry and 
have experienced a remarkable increase in application in the nearly 35 years 
which they have been in use. The past several years have seen a particular 
surge in their specification as new applications were found and new products 
entered the market.
Problems which have plagued the growth of the geotextile market include 
the lack of exposure to geotextiles on the part of the engineers in the field, 
unresolved issues of liability, and lack of durability studies to make confident 
predictions of the geotextile's service life. Dr. Robert Koerner, director of the 
Geosynthetic Research Institute at Drexel University, notes that the main task 
for current research is aging studies. He suggests that geosynthetics will 
become competitive w ith concrete if their lifespan reaches multiples of 20 
years (Compressed Air 1991).
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Geotextiles are currently specified for applications more far reaching than 
their original uses. Geocomposite drainage systems are being developed in 
which geotextiles are bonded with other geosynthetics such as impermeable 
membranes for more controlled drainage. Engineers are considering the use 
of geosynthetics in seismic systems because of their flexibility, durability, and 
strain-rate characteristics. It has been observed that geosynthetics become 
stronger at the rapid strain rates which characterize seismic activity (Fluet 
1989).
Nonsynthetic geotextiles are being used for slope retention while 
vegetation is being established. The jute from which these fabrics are 
m anufactured biodegrades in 2 years (Construction Today 1991). One 
experimental type of geotextile involves the weaving of synthetic fibers 
directly into soil mixtures at a construction site. This method gives soil 
cohesion much like the hairy roots of a bush but is nonrigid enough to be 
appropriate for earthquake stabilization (Compressed Air 1991).
Geotextiles m anufactured from recycled post-consumer plastic also fall 
under the category of new specifications. This type of geotextile has been 
produced for only the past four to five years and has not yet received a great 
deal of m arket attention. Compressed Air (1991) calls it "poetic justice" that 




TECHNICAL FEASIBILITY: GEOTEXTILES FROM RECYCLED PET
The technical feasibility of manufacturing geotextiles from recycled PET is 
determined by first examining whether geotextiles are an appropriate 
application for the recycled resin. This could be called the ’’engineering 
application” of these geotextiles. The second determination is whether the 
final geotextile product is sufficient when tested against the industry 
standards for geotextile performance. This could be called the "engineering 
sufficiency" of these geotextiles.
3.1 Engineering Application
A prim ary issue which m ust be addressed is whether the function and 
structure of geotextiles make them an appropriate end product for recycled 
plastic. Plastics are available in a huge range of quality, purity, and specialized 
properties such as enhanced mechanical strength, thermal resilience, and 
resistance to ultraviolet light degradation. Many of the applications for these 
specialized plastics include products which must exhibit a great deal of
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reliability because public health or safety is at stake. The quality of a recycled 
polymer m ust be examined and product applications chosen in light of the 
resin's quality. The issues of of risk and liability become very im portant in 
such choices. Resin quality also affects production factors in the 
manufacturing process for the geotextiles.
3.1.1 Quality of the Recycled Resin
PET is a thermoplastic resin, this means that it can be melted, reformed, 
and cooled to harden again as a new product. Property changes occur in the 
plastic resin as a result of the recycling processes. The effects of thermal 
history, molecular level changes, and contamination on the physical 
properties of the resin affect the quality of the geotextile m anufactured from 
the resin. Portions of the following information were provided by Dr. Bill 
Kelly of Wellman, Inc., the producers of the recycled geotextile Quline (Kelly 
1992).
PET is a condensation polymer formed from ethylene glycol and 
terephthalic acid. It is classified as a polyester. Applications for PET are 
dependent on its molecular weight. Molecular weight is determined based on 
the inherent viscosity (IV) of the resin. PET with a molecular weight of 0.4-
0.5 IV is typically utilized in fiber applications. Molecular weights of 0.7-0.9 IV 
are used in bottles. Fiber which has been produced from recycled bottle grade 
PET generally has a molecular weight in the range 0.5-0.7 IV.
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The thermal changes in the reprocessed PET are minimal. Unlike other 
polymers such as nylon which suffers degradation when heated twice, PET is 
inherently very thermally stable at processing temperatures. This is true as 
long as the PET is quite dry. Because PET is easily degraded by hydrolysis it 
m ust be kept below a 0.01% moisture content to retain its thermal stability. 
The recycled polymer does suffer a small molecular weight decrease in 
processing due to this fact. Processors do not go to extreme measures to keep 
the plastic dry because the recycled PET starts out with a high molecular 
weight. Even after suffering some loss, its molecular weight is still greater 
than that of the extrusion polymers used in geotextiles manufactured with 
virgin resin.
At the molecular level the polymers in geotextiles from recycled plastic 
have almost double the molecular weight of geotextiles manufactured from 
the virgin resin. This is because the injection blow mold process that the soda 
bottles m ust go through requires a high molecular weight polymer. A lower 
molecular weight polymer would not hold together in the blow molding 
process. The polymers in the geotextiles manufactured from the virgin resin 
need only to be extruded and do not need a high molecular weight. The 
higher molecular weight gives the reclaimed fibers an added resilience.
The major absolute change which occurs in the reclaiming of PET is a 
slight lowering of the ultimate elongation, which causes a decrease in the 
ultimate tenacity. Tenacity is a measure of load carrying ability based on fiber 
thickness, it is measured in g/denier. The denier of a fiber is the weight in 
grams of 9000 meters (5.6 miles) of fiber. Hum an hair is about 18 denier.
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Most geotextile fiber is about 4 denier. To determine the denier the diameter 
of the fiber is measured and the calculation is made from the known density 
of the fiber. Typically the tenacity of a fiber from virgin resin is in the range 6- 
9 g/denier. The tenacity of a fiber from recycled PET is in the range 4-5 
g/denier.
High tenacity does not affect the fabric strength, but only the ultimate 
elongation. It does not affect geotextile performance appreciably because the 
degree to which the elongation is affected is not crucial in this type of 
application. Only the extreme high end of fabric applications, such as plastic 
safety rope, would be affected by the change. All nominal fabric products are 
very practical applications for recycled resin.
Contamination is a very real problem in the plastic recovery business. A 
great investment of money and effort is necessary to acquire the level of 
purity needed to produce a 4 denier fiber for geotextile production. The 
removal of contaminants in PET processing is such a vital step that Wellman 
uses a proprietary process to wash, grind, and classify the plastic by resin 
content. Dennis Sabourin, a vice president at Wellman, Inc., explains the 
reason for the secrecy, "The reason we have a 70% share of the recycled PET 
market is because we have taken the effort and expense to develop a process 
for end-use material" (Meade 1989). Significantly more contamination can be 




After the PET has been thoroughly cleaned and ground, it is heated to 
about 250°C. The molten material is fed through tiny holes of a "spinnerette" 
into long strands of fiber. It is then quenched, treated, dried and cut. This 
staple fiber can be used for carpet manufacture; for filling in furniture, 
pillows, comforters, and jackets; or for the production of geotextiles (Meade 
1989).
The production equipment used to fabricate the geotextiles is generally 
constructed for use with virgin resin. There can be problems with production 
which are unique to the use of recycled resin as feedstock. Hoechst Celanese 
has attem pted the production of geotextiles with recycled resin. The state-of- 
the-art equipm ent which they use in their production was too sensitive to 
accommodate the impurities of the recycled resin which they were using 
(Campbell 1992). Many of the other geotextile industry giants also have 
equipm ent which would be too sensitive for most recycled resin.
Small companies can compete in the market for geotextiles from recycled 
resin if they use older, less sensitive equipment. The trade-off, however, is 
that the physical and mechanical properties of the fabrics produced are 
som ewhat inferior due to the manufacturing process (Stiles 1991). Wellman 
Inc. has solved some of these production problems. Although they use the 
less sensitive staple fiber process, their recycled resin is produced in-house 
w ith a higher quality than other recycled PET resin on the market.
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3.1.3 Risk Factors
Due to the added degree of uncertainty in utilizing a recycled resin, the 
issue of the risk factor of the product being developed m ust be addressed. 
Many plastics applications dem and a high degree of resin purity for 
endurance of the product or to protect the welfare or safety of the public.
Food and beverage containers, the largest application for virgin plastic, are an 
example of such applications. The Food and Drug Administration (FDA) has 
not yet approved the use of directly recycled plastics in applications where 
they w ould contact food (They have, however, approved the use of 
repolymerized resin in some applications [Toensmeier 1992]).
Impermeable geomembrane liners which are used in the lining of canals, 
reservoirs and landfills are another application which would, in all 
probability, not be a satisfactory application for the recycled resins. The resin 
purity required to fabricate a truly impermeable sheet and the potential risk 
and liability factors involved would rule out the use of reclaimed resin.
Other construction materials might pose similar risk issues which would 
preclude the use of these resins.
However, the dem and level in most geotextile applications represents an 
end use that is sufficiently "low risk" for the quality of the plastic being used. 
For simple erosion control applications the fabric is designed to be permeable 
and is supported between layers of soil or aggregate. The random 
arrangem ent and density of the fiber structure w ould also minimize the effect 
of most impurities or weak points in individual fibers. Slight deficiency in
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elongation would not be problematic as the conformation of the fabric to the 
subgrade does not require a high level of elongation of the geotextile. The 
engineering specifications, which the recycled geotextile would be required to 
meet, provide guidelines to ensure that the geotextile w ould be sufficient for 
the application chosen.
3.2 Engineering Sufficiency
The engineering sufficiency of the geotextile manufactured from recycled 
resin is determined primarily by the fabric's conformance to the industry 
standards for geotextile performance. Various geotextile applications have 
differing requirements for performance in standardized tests. In general these 
requirements are the only qualifications for the use of any geotextile, whether 
it is manufactured with virgin or recycled plastic, for the given application.
In Chapter 6 results of such property testing will provide a comparison of a 
geotextile manufactured with recycled plastic with one m anufactured from 
virgin resin.
3.2.1 Design Factors: Specifying Geotextiles
Various applications for geotextiles require specifying varying degrees of 
strength and durability. The different applications were listed in Chapter 2.
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Here, some of the design specifications for the more common applications are 
explained.
Separation is the segregation of two disparate solid materials - often to 
prevent an aggregate from penetrating the subgrade. Geotextiles are also used 
in this capacity to cushion geomembranes from puncture by the underlying 
aggregate so that they will retain their watertightness. This function requires 
primarily retention capacity and thickness.
Reinforcement is the function of strengthening a weak subgrade. 
Roadways, parking lots and building sites are often reinforced in this way, 
especially over unstable and water saturated soils. The geotextile can also 
serve as an absorber of shocks and vibrations. This function requires high 
tensile strength, high tensile modulus, and high coefficient of friction 
between the soil and geotextile.
Filtration occurs when the function of the geotextile is to retain soil or 
aggregate while allowing the passage of a fluid. Erosion control is often the 
aim of this application. This function requires permeability, retention 
capacity, and resistance to clogging.
Drainage, or transmission, occurs when the fluid flow is within the plane 
of the textile. In this function the geotextile is used as a drain. This function 
requires high transmissivity (permeability times thickness) as well as 
dimensional stability to retain thickness under pressure (Fluet 1989).
ARTHUR LAKES LIBRARY 
COLORADO SCHOOL QF MINES 
GOLDEN, CO 8 0 4 0 1
T-4193 31
3.2.2 Industry Standards: Geotextile Performance
The current industry standard for geotextile performance is called the Task 
Force 25 Specification Guides (AASHTO 1989). This set of five guides was 
developed by a Task Force made up of geotextile industry representatives, 
general construction contractors, and state and federal transportation 
engineers. These specification guides include test standards to be used for 
applications with varying degrees of expected stress on the material. The 
applications include: paving fabric, silt fence, drainage geotextiles, erosion 
control geotextiles, and separation geotextiles. A brief summary of each of 
these guides is presented below.
Specification Guide for Paving Fabric covers the furnishing and placing of 
a fabric between pavement layers for the purpose of incorporating a 
waterproofing and stress relieving membrane within the pavem ent structure. 
This application requires the use of nonwoven fabrics because the woven 
fabrics available do not perm it sufficient asphalt retention to be effective. 
Physical requirements include low to moderate tensile strength, elongation, 
and asphalt retention, and, for obvious reasons, a rather stringent 
requirem ent for a high melting point. The specification also gives 
requirements for the asphalt sealant and aggregate to be used, the equipment 
which m ust be employed, and the construction methods for the roadways to 
be paved.
Specification Guide for Temporary Silt Fence covers the furnishing, 
installing, maintaining and removing of a geotextile barrier-fence designed to
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remove suspended particles from the water passing through it. Applications 
for this type of temporary fence are generally construction sites where silt and 
sediment can pollute streams or clog storm sewers if they are not retained.
The specification provides criteria for wire supported geotextile silt fence as 
well as a self supporting geotextile silt fence. This application requires that 
the geotextile be free of treatment or coating which might adversely alter its 
physical properties after installation. Physical requirements include tensile 
strength, elongation, permittivity, apparent opening size, and ultraviolet 
degradation. The most stringent requirements are for high permittivity and 
low elongation. The specification also gives requirements for the posts and 
support fence to be used and the construction methods for the silt fence.
Specification Guide for Drainage Geotextiles covers furnishing and placing 
a geotextile for edge of pavement drains, interceptor drains, wall drains, 
recharge basins, and relief wells. The geotextile m ust be designed to allow 
passage of water while retaining insitu soil w ithout clogging. A set of more 
stringent requirements are given for applications where installation stresses 
include very coarse, sharp angular aggregate, a heavy degree of compaction, or 
deep trenches. Moderate physical requirements are given for grab strength, 
sewn seam strength, and burst strength. Stringent requirements are given for 
puncture strength, tear strength, apparent opening size, permeability, and 
ultraviolet degradation. The specification also gives requirements for sewn 
or overlapped seams, construction methods, and repair methods.
Specification Guide for Erosion Control Geotextiles covers the furnishing 
and placing of a geotextile for cut and fill slope protection, protection of
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various small drainage structures and ditches, wave protection for causeways 
and shoreline roadway embankments, and protection for structures such as 
bridge piers and abutments. The geotextile must be designed to allow passage 
of water while retaining insitu soil w ithout clogging. Physical requirements 
are given for grab strength, elongation, sewn seam strength, burst strength, 
puncture strength, tear strength, apparent opening size, permeability, and 
ultraviolet degradation. One set of requirements is given for fabrics where 
installation stresses are severe. A less stringent set of requirements is given 
for those applications where the fabric is protected by a sand cushion or by 
"zero drop height" placement of stone. The specification also gives 
requirements for the sewn or overlapped seams, the construction methods, 
and the repair methods.
Specification Guide for Separation Geotextiles covers the furnishing and 
placing of a geotextile for use as a permeable separator to prevent mixing of 
dissimilar materials such as subgrades and surfaced or unsurfaced pavement 
structures, zones in embankments, foundations and select fill materials. The 
geotextile m ust be designed to allow passage of water while retaining insitu 
soil w ithout clogging. The materials are classified based on construction 
survivability conditions: including soil condition, equipm ent pressure, and 
cover thickness. Each classification has requirements with varying stringency 
depending upon the elongation properties of the fabric. The requirements are 
comparable to the erosion control application requirements except for the 
grab strength, puncture resistance and tear strength values for the high 
survivability geotextiles with less than 50% elongation. These requirements
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are significantly higher. Geotextiles manufactured with recycled plastic 
would not be considered for this type of application because they exceed the 
requirem ent for less than 50% elongation. The specification also gives 
requirements for the sewn or overlapped seams, the construction methods, 
and the repair methods.
These specification guides provide the framework for determining 
engineering sufficiency. If a geotextile manufactured from recycled resin was 
to be specified for a particular project, it would be necessary to test its physical 
and mechanical properties to ensure that it meets the specific requirements 




In order to prove the engineering sufficiency of geotextiles manufactured 
with recycled resin, a test program was undertaken to determine their 
physical and mechanical properties. Samples of one recycled PET based 
geotextile and one polyester based geotextile manufactured from virgin resin 
were obtained for the test program. Both of these geotextiles were nonwoven 
needlepunched fabrics.
It was determined that the material m anufactured from the reclaimed 
resin met the industry standard for physical and mechanical properties 
required of geotextiles as described in the Task Force 25 Specification Guides. 
The comparative quality of the geotextile manufactured from the recycled 
resin and the geotextile m anufactured from the virgin resin was also 
examined based on this same set of tests. The materials and test procedures 




The two geotextiles which were included in the test program are described 
below. The test samples of the geotextiles were donated by their respective 
manufacturers in pieces measuring 6 ft (1.8 m) square. The machine and 
cross machine directions were noted on the samples and the production run 
or lot numbers were provided for identification. Each material was tested in 
the weights which were available from the manufacturers which most closely 
corresponded to 8 o z /y d 2 and 12 oz /  yd2 weights.
O uline™ is a spunbond, needlepunched geotextile m anufactured by 
Quline, the nonwoven division of the well established plastic recycler 
Wellman, Inc. Quline is produced using 100% recycled post-consumer PET. 
This product is a staple filament geotextile. Wellman is the largest recycler of 
reclaimed plastics in the United States. The Quline products which were used 
in this test program were the Q80 - 8 o z /y d 2 material and the Q120 - 12 o z / yd2 
m aterial.
Trevira™ is the trade nam e for the spunbond, needlepunched geotextile 
manufactured by Hoechst Celanese. Hoechst Celanese is an industry leader 
which has been producing geotextiles for over 20 years. Trevira is produced 
using virgin polyester. It is a continuous filament geotextile w ith a 
reputation for being one of the industry's finest products. The Trevira 
products used in this test program were the Type 1125 - 7.5 o z /y d 2 material 
and the Type 1142 - 12 o z / yd2 material.
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4.2 Test Procedures
The test procedure which was used was the current industry standard, the 
Task Force 25 Specification Guides. The geotextiles tested for this thesis 
project were analyzed under the standard for one of the most severe 
applications, the Class A Erosion Control applications. This specification is 
specifically for geotextiles which are designed to allow passage of water while 
retaining the insitu soil w ithout clogging. The polymer requirement for 
geotextiles qualified under this specification is "long chain synthetic polymers 
composed of at least 85% by weight poly olefins, polyesters, or polyamides." 
Each of the textiles tested in this project meet that specification. Paragraph 3.3 
of the specification allows that the seaming method be either sewing or 
simple overlapping at the approval of the engineer. Since a sewn seam is not 
required by the specification the sewn seam strength test is excluded from this 
study. The tests, test methods, and requirements for this qualification are 
given in Table 4.1.
Adequate replication of each test was made to determine the statistical 
significance of the test results. The specific number of replications is given 
with the explanation of each test method. These tests were performed, where 
possible, in accordance with the test methods listed, as described below. In 
some cases, modifications were made to conform with industry consensus 
and equipm ent limitations. Both English and International units of measure 
are noted in the test procedures. However, the specification requirements 




for Erosion Control Geotextiles
Property Requirem ent Test Method
Grab strength (lbs) 200 ASTM D 4632
Elongation (%) 15 ASTM D 4632
Puncture Strength (lbs) 80 ASTM D 4833
Burst Strength (psi) 320 ASTM D 3786
Trapezoid Tear (lbs) 50 ASTM D 4533
A pparent Opening Size 1. Soil with 50% or less particles ASTM D 4751
by weight passing U.S. No. 200 Sieve, 
AOS less than 0.6 mm
(greater than #30 U.S. Standard Sieve)
2. Soil with more than 50% particles 
by weight passing U.S. No. 200 Sieve,
AOS less than 0.297 mm
(greater than #50 U.S. Standard Sieve)
Permeability! (cm/sec) k fabric > k soil ASTM D 4491
Ultraviolet Degradation
at 150 hours 70% strength retained ASTM D 4355
1. A nominal coefficient of permeability may be determined by multiplying 
perm ittivity value by nominal thickness.
Source: Task Force 25 Specification Guides AASHTO 1989
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The use of English units is common practice in the U.S. geotextile industry.
The testing was done in the materials testing laboratories of the U.S. 
Bureau of Reclamation's Corrosion and Plastics Technology Team. The 
testing was funded by USBR as part of their research program on Geosynthetic 
Construction Materials. A detailed description, summarized from the 
American Society for Testing and Materials (ASTM) test methods, for each 
test follows.
ASTM D 4632: The Standard Test Method for Breaking Load and 
Elongation of Geotextiles (Grab Method) covers the test methodology for both 
the Grab Strength and the Elongation tests in this project. The term "grab 
test" refers to a tension test in which only a part of the specimen width is 
gripped in the clamps. In this test the specimen width is 4 inches (101.6 mm) 
and the one inch (25.4 mm) jaw faces are clamped in the center of this width. 
This m ethod gives a measure of the "effective strength" of the geotextile, that 
is, the strength of the material in a specific w idth together with the additional 
strength contributed by the adjacent material. A continually increasing load 
is applied longitudinally to the specimen and the test is carried to rupture.
The breaking load and elongation values are read at the rupture point.
The test was performed using the Instron 1123, a constant-rate-of- 
extension type testing machine w ith an autographic recorder and interfaced 
computer (see Figure 4.1). The clamps were to have jaw faces measuring 1 by 
2 in. (25.4 by 50.8 mm) with the longer dimension parallel to the application 
of the load. However, this size jaw face is not available for the Instron 1123.
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I N J T B O N
Figure 4.1. Instron 1123 Testing Machine
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One inch square jaw faces were used, providing the same clamping width and 
spacing. The jaws of the lower clamp were positioned directly under the jaws 
of the upper clamp. The jaw faces had a rubber face to prevent specimen 
slippage in the clamps.
Since there was not a reliable estimate for the coefficient of variation from 
past testing of these materials, the method required that 10 specimens from 
both the machine and the cross-machine direction be tested. All specimens 
for this test program were taken from the 6 ft (1.8 m) square geotextile 
samples in a manner such that each specimen to be used for testing the 
machine direction contained different warp yarns and each specimen to be 
used for testing the cross-machine direction contained different filling yarns. 
The specimens for the grab strength test had dimensions of 4 by 8 in. (101.6 by
203.2 mm) and the machine direction was marked on each specimen.
For all tests in this program, the specimens were brought to moisture 
equilibrium in the controlled tem perature and hum idity chamber in which 
the tests are run. The temperature in the chamber is held constant at 73° F 
(23° C) and the relative humidity at 50%. By convention this conditioning is 
accepted to be complete after a minimum of 24 hours, except in the case of 
testing dispute where the mass of the specimen is measured at 2 hour 
intervals until the increase is within 0.1 % of the mass of the specimen.
The distance between the clamps at the start of the test was 3 ±  0.05 in. (75 
±  1 mm). A pretension of approximately V 2 % of the breaking load was 
applied to the specimen as it was secured in the grips to ensure consistent 
m easure of the fabric’s elongation. The load range of the machine was
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selected at 500 lbs to ensure that the maximum load occurred between 10 and 
90% of full-scale load. The rate of extension was 12 ±  0.5 in ./m in  (300 ±  10 
m m /m in). The specimen was clamped between the grips parallel to the 
application of the load and with tension uniform across the specimen.
The breaking load was calculated by averaging the values of the breaking 
load for all accepted specimen results. An accepted result was any result 
which was not discarded due to specimen slippage or other faulty operation. 
The apparent elongation was calculated by averaging the values of the 
apparent elongation at the breaking load for all accepted specimen results.
The apparent elongation is expressed as the percentage increase in length 
based on the initial nominal gage length of the specimen. The results were 
calculated separately for the machine and cross-machine direction specimens.
ASTM D 4833: The Standard Test Method for Index Puncture Resistance 
of Geotextiles, Geomembranes, and Related Products covers the test 
methodology for measuring the puncture resistance of geotextiles. It is an 
index test which measures the puncture resistance relative to standard 
criteria. The test specimen is clamped without tension between circular plates 
of a ring clamp attachment secured in the tensile testing machine. A force is 
exerted against the center of the unsupported portion of the test specimen by a 
solid steel rod attached to the load indicator until rupture of the specimen 
occurs. The maximum force recorded is the value of the puncture resistance 
of the specimen.
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The test was performed using the Instron 1123. The ring clamp 
attachment consisted of concentric plates with an open internal diameter of 
1.772 ±  0.001 in. (45 ±  0.025 mm), which was capable of clamping the specimen 
w ithout slippage. The height of the attachment was approximately 6 in (150 
mm). The Solid Steel Rod had a diameter of 0.35 ±  0.005 in. (8 ±  0.01 mm) 
with a flat end with a 45° = 0.315 in. (0.8 mm) chamfered edge contacting the 
specimen's surface. See Figures 4.2 and 4.3.
Since there was not a reliable estimate for the coefficient of variation from 
past testing of these materials, the method required that 15 specimens from 
each sample be tested. The specimens for the puncture resistance test had 
dimensions of 4 in. (101.6 mm) square.
The contact surface of the steel rod was set one inch above the textile 
surface at the start of the test. The load range of the machine was selected at 
500 lbs to ensure that the maximum load occurred between 10 and 90 % of 
full-scale load. The specimen was centered between the holding plates such 
that it extended to or beyond the outer edges of the clamping plates. The rate 
of travel for the steel rod was 12 ±  0.5 in ./m in  (300 ±  10 m m /m in). If the 
specimen failed to break due to slippage or if the probe slipped between the 
yarns w ithout causing yarn breakage the result was discarded and an 
additional specimen tested.
The test continued until the probe had completely punctured the fabric. 
The puncture resistance was read as the greatest force registered on the 
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Figure 4.2. Puncture Test Fixture Detail (Not to Scale) 
Source: ASTM D 4833
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Figure 4.3. Test Probe Detail (Not to Scale) 
Source: ASTM D 4833
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puncture resistance for all accepted specimens was recorded as the final 
puncture resistance.
ASTM D 3786: The Standard Test Method for Hydraulic Bursting Strength 
of Knitted Goods and Nonwoven Fabrics - Diaphragm Bursting Strength 
Tester Method covers the resistance of nonwoven geotextiles to bursting. The 
specimen was clamped over an expandable diaphragm. The diaphragm was 
expanded by water pressure to the point of specimen rupture. The difference 
between this value and the the total pressure required to inflate the 
diaphragm was reported as the bursting strength.
The test was performed using a B.F. Perkins motor driven Mullen 
hydraulic diaphragm bursting tester. The upper and lower clamping surfaces 
had a circular opening of 3 in. (76.2 mm) in diameter. The surfaces of the 
clamps had concentric grooves to secure the specimen. The lower clamp was 
integral with the chamber in which a screw operated to force water at a 
uniform rate of 95 ±  5 m L /m in against the rubber diaphragm. The 
diaphragm  was molded synthetic rubber. The pressure required to raise the 
free surface of the diaphragm was 40 psi.
The method required that 10 specimens from each sample be tested. The 
specimens for the hydraulic burst test had a dimension of 5 in. (125 mm) 
square.
The specimen was clamped over the diaphragm securely between the 
clamping rings. The diaphragm  was inflated until the specimen ruptured. At 
this point the operating handle was moved to an idling position while the
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total pressure required to rupture the specimen was recorded. The hydraulic 
bursting strength was calculated by subtracting the tare hydraulic bursting 
strength of the diaphragm  from the values of the total hydraulic bursting 
strength. The results were averaged for all specimens tested.
ASTM D 4533: The Standard Test Method for Trapezoid Tearing Strength 
of Geotextiles covers the test methodology for measuring the tearing strength 
of most geo textiles. This method requires a specimen marked with an 
isosceles trapezoid. The nonparallel sides of the trapezoid are clamped in 
parallel jaws of the tensile testing machine. The separation of the jaws is 
increased continually so that a tear originating at a pre-cut slit propagates 
across the specimen. The tearing strength is the maximum value of the 
tearing force as obtained from the autographic force - extension curve. In 
nonwoven fabrics such as the ones used in this program, the individual fibers 
are random ly oriented and capable of some reorientation in the direction of 
the applied load. Therefore, the maximum trapezoid tearing strength is 
reached when the resistance to further reorientation is greater than the force 
required to rupture one or more fibers simultaneously.
The test was performed using the Instron 1123. The clamps were to have 
jaw faces measuring 2 by no less than 3 in. (50.8 by no less than 76.2 mm) with 
the longer dimension perpendicular to the direction of application of the 
load. However, equipment constraints required the use of 1 by 3 in. (25.4 by
76.2 mm) jaw faces. This substitution should have no effect since the 
clamping w idth and specimen spacing were unchanged. The jaws of the
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lower clamp were positioned directly under the jaws of the upper clamp. The 
jaw faces had a serrated face to prevent specimen slippage in the clamps.
Since there was not a reliable estimate for the coefficient of variation from 
past testing of these materials, the method required that 10 specimens from 
both the machine and the cross-machine direction be tested. The specimens 
for the trapezoid tear strength test had dimensions of 3 by 8 in. (76.2 by 203.2 
mm) which were then marked and slit using an isosceles trapezoid template 
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Figure 4.4. Trapezoidal Template for Trapezoid Tearing Strength Test
Source: ASTM D 4533
The distance between the clamps at the start of the test was 1 ±  0.05 in. (25 
±  1 mm). The load range of the machine was selected at 500 lbs to ensure that 
the maximum load occurred between 15 and 85% of full-scale load. The rate 
of extension was 12 ±  0.5 in ./m in  (300 ±  10 m m /m in). The specimen was
T-4193 4 8
clamped w ith the nonparallel sides of the trapezoid placed horizontally in the 
grips, the cut halfway between the clamps, and the excess fabric lying in folds 
between the grips.
The maximum tearing strength was calculated by averaging the values of 
the maximum tearing strength for all accepted specimen results. The results 
were calculated separately for the machine and cross-machine direction 
specimens.
ASTM D 4751: Standard Test Method for Determining Apparent Opening 
Size of a Geotextile covers the test methodology for determining the apparent 
opening size (AOS) of a geotextile by sieving glass beads through the fabric. 
The AOS indicates the approximate largest particle that would effectively pass 
through the geotextile. This is an im portant determination because the use of 
a geotextile as a medium to retain soil particles necessitates compatibility 
between it and the adjacent soil.
The test was performed by placing the geotextile specimen in an 8 in. 
diameter sieve frame, placing 50 grams of sized glass beads on the geotextile 
surface, and covering the assembly. The frame and fabric were shaken 
laterally so that the jarring motion would induce the beads to pass through 
the test specimen. The procedure was repeated with incrementally larger 
sized glass beads until the AOS had been determined.
The m ethod specified that 5 specimens from each sample be tested. 
However, industry convention dictates that if the results from the first 3
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samples fall in the same general range, the test is terminated. The specimens 
for the AOS test had a dimension of approximately 10 in. (250 mm) square.
The specimens were weighed and then submerged in distilled water for 1 
hour at the standard atmosphere for testing of 73° F (23° C) and 50% relative 
humidity. The specimens and glass beads were then dried at 30° C (85° F) 
until no weight change was recorded. The amount of time necessary for this 
degree of drying varied from 18 to 36 hours for the samples in this test 
program.
The specimen was secured between two sieves so that it was taut and had 
no wrinkles or bulges but was also not stretched or deformed. The smallest 
diameter of beads which was to be tested, 200 mesh (0.075 mm) was measured 
out in a quantity of 50 g and placed on the geotextile. The cover was placed on 
the sieve frame and the frame was placed in the shaker and shaken for 10 
minutes. The glass beads which remained on the surface of the specimen and 
Then those which fell off when the sieve was turned over and the rim tapped 
were weighed. The beads which passed through the fabric were also weighed. 
From these results the mass of glass beads trapped within the geotextile was 
computed. These steps were repeated on the same specimen using bead sizes 
of 100 mesh (0.150 mm) and 50 mesh (0.300 mm).
The percent of beads passing through the specimen was computed for each 
size of beads tested for each specimen. The results were plotted on a semilog 
plot to determine the AOS. The AOS for each specimen was assigned as the 
size designation in millimeters of the beads of which 5% or less pass. The
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AOS for the test was the average of the AOS for the specimens tested. The test 
results were also given expressed in terms of U.S. Standard Sieve number.
ASTM D 4491: Standard Test Methods for Water Permeability of 
Geotextiles by Permittivity covers the procedures for determining the 
hydraulic conductivity or water permeability of uncompressed geotextiles in 
terms of permittivity. Permeability refers to the rate of flow of a liquid under 
a differential pressure through a material. Permittivity refers to the 
volumetric flow rate of water per unit cross sectional area per unit head 
under laminar flow conditions, in the normal direction through a geotextile. 
Permittivity is an indicator of the quantity of water that can pass through a 
geotextile in an isolated condition. This is considered a more significant 
evaluation than the Darcy coefficient of permeability because of the variety of 
thicknesses of geotextile which are in use.
The method specified that 4 specimens from each sample be tested. 
However, industry convention dictates that if the results from the first 2 
samples fall in the same general range, the test is terminated. The specimens 
for the permittivity test had dimensions of approximately 3 in. (75 mm) 
square. The specimens were conditioned by soaking in a closed container of 
deaired water, at standard conditions, for a period of at least 2 hours.
Under the falling head method for determining permittivity a column of 
water is allowed to flow through the geotextile while readings of head change 
versus time are taken. The method requires that the apparatus (see Fig 4.5)
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used not be the controlling agent for flow during the test. The test water was 
deionized and deaired under a vacuum of 710 mm (28 in) mercury.
The apparatus was assembled with the specimen in place. The bleed valve 
was then opened and the system backfilled through the discharge pipe to force 
any trapped air out of the system and the geotextile. The discharge pipe was 
adjusted so that its outlet was below the level of the specimen. The water 
level was adjusted to 7.2 in (180 mm). The water level was allowed to fall to
4.4 in (110 mm) at which point a stop watch was started to determine the time 
for the water level to fall to the 2 in (50 mm) level. This process was repeated 
five times for each of the specimens. The inside diameter (d) of the upper 
unit, the diameter (D) of the exposed portion of the specimen, and the water 
temperature (T) were recorded.
Figure 4.5. Falling Head Permeability Apparatus
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The permittivity, \|/, was calculated from Equation 4.1:
\\f = [(a/At) In (h0 /hi>] Rt (4.1)
where:
A = 7iD2/4 - the cross-sectional test area of specimen, mm^ 
a = 7cd2/4 - the cross-sectional area of the standpipe above the specimen,
mm^,
t = time for head to drop from hQ to hj, s, 
h Q = initial head (110 mm), 
h j = final head (50 mm), and
Rt = tem perature correction factor determined from Eq. 4.2.
Rt = u t /u20c (4.2)
where:
u t = the water viscosity at the test temperature, millipoises, as determined 
from Table 4.2, and
u20c = the water viscosity at 20°C, millipoises.
The calculation was repeated for the five sets of data per specimen and the 
average for each specimen was determined. The average and range for all 
specimens was recorded. A nominal coefficient of permeability was 
determ ined by m ultiplying permittivity value by nominal thickness.
T-4193 5 3
Table 4.2
Viscosity of Water Versus Temperature
Temperature, °C Viscosity, (Poiseuille)^
0 1.7921 x 10’6
1 1.7313 x 10-6
2 1.6278 x 10-6
3 1.6191 x 10-6
4 1.5674 x 10-6
5 1.5188 x 10-6
6 1.4728 x 10-6
7 1.4284 x 10-6
8 1.3860 x 10-6
9 1.3462 x 10-6
10 1.3077 x 10-6
11 1.2713 x 10-6
12 1.2363 x 10-6
13 1.2028 x 10-6
14 1.1709 x 10-6
15 1.1404x10-6
16 1.1111 x l0 “6
17 1.0828 x 10-6
18 1.0559 x 10-6
19 1.0299 x 10-6
20 1.0050 x 10-6
21 0.9810 x 10-6
22 0.9579 x 10-6
23 0.9358 x 10-6
24 0.9142 x 10-6
25 0.8937 x 10-6
1. Poiseuille = kg s'^m"^ = Nsm 
Source: ASTM Designation D 4491 1989
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ASTM D 4355: Standard Test Method for Deterioration of Geotextiles from 
Exposure to Ultraviolet Light and Water (Xenon-Arc Type Apparatus) tests 
geotextiles under a standard set of conditions of humidity and temperature 
enabling the user to determine the tendency of a geotextile to deteriorate 
when exposed to ultraviolet light and water. The test method does not 
purport to simulate actual deterioration of a fabric at a given sight.
Specimens are exposed to ultraviolet light and water in a xenon-arc device. 
The specimens are then tested for tensile strength and the results compared to 
tensile test results for unexposed specimens.
Unfortunately, this test is no longer run by the USBR. The test is slated to 
be discontinued by ASTM. Another ultraviolet degradation test, using a QUV 
test apparatus, is currently being written. Bob Koerner said that the new test 
would run at least as long as the old one. The QU panel has less energy than 
the Xenon-Arc apparatus but operates in a better wavelength range (Koerner 
1992). O utput is in the UV-B region with peak emission at 313 nm. In order 
to obtain some indication of the relative UV resistance of these geotextiles, a 
test was run using a QUV machine according to the following description.
Five specimens were tested for both 170 hour exposure and for an 
unexposed control test. The specimens for the U.V. Degradation test had 
dimensions of 2 by 6 in. (50 by 150 mm).
The equipm ent for this test includes both the QUV apparatus and a tensile 
testing machine. The QUV apparatus is capable of exposing the specimens to 
170 hours of ultraviolet and water condensation exposure consisting of 12 
hour cycles as follows: 8 hours of light only, followed by 4 hours of water
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condensation. When the exposure was complete the specimens were 
removed for tensile testing.
The tensile test was performed using the Instron 1123. The clamps had 
jaw faces measuring 1 by 3 in. (25.4 by 76.2 mm) with the longer dimension 
perpendicular to the direction of application of the load. The jaws of the 
lower clamp were positioned directly under the jaws of the upper clamp. The 
jaw faces had a serrated face to prevent specimen slippage in the clamps.
The distance between the clamps at the start of the test was 3 ±  0.05 in. (75 
±  1 mm). The load range of the machine was selected at 500 lbs to ensure that 
the maximum load occurred between 10 and 90% of full-scale load. The rate 
of extension was 12 ±  0.5 in ./m in  (300 ±  10 m m /m in). The specimen was 
clamped between the grips parallel to the application of the load and with 
tension uniform across the specimen.
The breaking load was calculated by averaging the values of the breaking 





The results of the test program described in the previous chapter indicate 
that the geotextiles manufactured from the recycled PET resin are sufficient 
for the applications indicated. The comparison of the geotextile 
m anufactured with recycled resin (Quline) to the geotextile manufactured 
with virgin resin (Trevira) indicates that the Trevira has a higher strength to 
weight ratio for both weights examined. Differences are more pronounced 
between the 12 oz/yd^  fabrics than between the 8 oz/yd^  fabrics. This is 
probably due to the fact that the Trevira geotextile which is compared with 
the 8oz/yd^ Quline material actually has a weight of only 7.5 oz/yd^.
5.1 Test Results
Results for Grab Strength, Elongation, Trapezoid Tear Strength, Puncture 
Strength, and Burst Strength are given on Table 5.1. Results of Permittivity, 
Ultraviolet Degradation, and A pparent Opening Size are given on Table 5.2.
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Table 5.1 
Test Results: Stress Tests






















































































































































Test Results: Other Tests
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Appendix A contains a presentation of the raw data from each of the tests. 
Discussion of the results of each test is presented below. The sufficiency of the 
recycled geotextile, based on the specifications used, and a comparison of the 
recycled geotextile with the geotextile manufactured with virgin resin are 
discussed.
Grab Strength: The requirement for this test is 200 lbs. This test is a good 
indicator for strength during installation. All four of the materials met this 
requirem ent in the machine direction. The mean values for the two Quline 
fabrics did not meet the requirement in the weaker cross-machine direction. 
The 7.5 oz/yd^  Trevira gave the same value as the 12 oz/yd^  Quline fabric in 
the machine direction. The 12 oz/y d ^  Trevira was about 73% higher than 
these two and the 8oz/yd^ Quline was about 20% lower in the machine 
direction. In the cross-machine direction the heavier Quline fabric gave 
almost the same results as the light Quline fabric. The 7.5 oz/y d ^  Trevira was 
17% stronger than the 8 oz/yd^  Quline and 10% stronger than the 12 oz/yd^  
Quline. The 12 o z /y d ^  Trevira was 107% stronger than the 12 oz/yd^  Quline. 
These test results clearly demonstrate the higher stress to weight properties of 
the Trevira materials.
E longation: The requirement for elongation is 15%. All four of the fabrics 
met this requirem ent in both the machine and the cross-machine direction. 
The Quline 8 o z / yd^ fabric had a slightly higher elongation than the Trevira
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7.5 o z / y d ^ .  The differences between the two 12 oz/yd^  fabrics were not as 
pronounced as in the other tests. The two Quline fabrics performed almost 
identically on this test.
Trapezoid Tear Strength: The requirement for trapezoid tear strength is 50 
lbs. Each of the four geotextiles met this requirement in both the machine 
and the weaker cross-machine direction. There was very little difference 
between the two lighter weight fabrics in the machine direction. The result 
for the lighter Trevira was about 20% greater than the lighter Quline in the 
cross-machine direction. The heavier Trevira fabric exhibited a tear strength 
which was about 63% greater in the machine direction and 140% greater in 
the cross-machine direction than the heavier Quline material. The two 
weights of Quline fabric gave results which were very close in the cross­
machine direction. The mean for the heavier fabric was actually slightly 
lower than the mean for the lighter fabric. This was due to one particularly 
high specimen value in the set of Q80 fabrics.
Puncture Strength: The geotextiles are required to possess a puncture 
strength of greater than 80 lbs. Each of the four fabrics met this requirement. 
The 7.5 o z / y d ^  Trevira performed almost the same as the 12 oz/yd^  Quline 
fabric in this test. The 12 o z / y d ^  Trevira was about 50% higher than these two 
and the 8oz/yd^ Quline was about 15% lower.
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Burst Strength: The requirement for hydraulic bursting strength is 320 psi. 
The mean value recorded for the Quline Q80 geotextile did not meet this 
requirement. However, five of the ten Q80 specimens tested exceeded the 
requirement. The other three geotextiles met this requirement, although 
only the Trevira 1142 had results for all specimens which were over the 320 
psi mark. The Trevira results were 25% and 75% above the Quline results. 
The results for the Trevira 7.5 oz/yd^  were very close, and actually above, the 
Quline 12 oz/yd^  fabric. This test is indicative of tensile strength in a multi­
directional mode.
Perm eability: This requirement is given in terms of the nominal coefficient 
of permeability of the geotextile. The test method used for this test yields a 
perm ittivity value as its result. The nominal coefficient of permeability is 
determ ined by multiplying the permittivity value by the nominal thickness 
of the geotextile. A coefficient of permeability greater than the coefficient of 
permeability of the soil upon which the geotextile is to be installed is 
required. Standard permeability coefficients for soils generally are in the 
range of 0.00001 cm /sec for silty clays to 0.01 cm /sec for medium gravel 
(American Hoechst Corporation 1987). The values obtained in this test 
indicate that all four of the geotextiles have a higher permeability than any 
soils which would be encountered. However, the permeability values 
obtained were approximately 66-240 % higher than those published by the 
geotextile manufacturers in their sales literature. This test is not routinely 
performed at the USBR. The equipment used for this test did not exhibit a
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great deal of reliability. The Trevira products had a measured coefficient of 
permeability which was 81% and 85% higher than that of the Quline fabrics. 
This is probably a function of the mechanical process used to manufacture the 
geotextiles rather than a function of the fibers or the resins.
Ultraviolet Degradation: The test requirement after 150 hours of 
ultraviolet/w ater exposure is 70% retained strength. The test performed was 
a modified procedure using a 194 hour exposure and a different test 
apparatus. The results were within the specified requirement for only the 
Trevira 12 o z / y d ^  geotextile. Due to test modifications, the results are 
valuable more from a relative than an absolute perspective. The values for 
the Trevira fabrics were higher than Quline's. The gray color of the Trevira 
product indicates that carbon black has probably been added to improve 
ultraviolet resilience. Resistance to ultraviolet degradation is one of the 
strengths of the polyester materials as compared with the polypropylene based 
geotextiles.
A pparent Opening Size: The requirement for AOS is dependent on the soil 
upon which the geotextile is to be installed. For soil with 50% or less particles 
by weight passing a U.S. No. 200 Sieve, the requirement specifies an AOS of 
less than 0.6 mm (greater than #30 U.S. Standard Sieve). All four of the 
geotextiles tested meet this requirement. For soil with more than 50% 
particles by weight passing U.S. No. 200 Sieve, an AOS of less than 0.297 mm 
(greater than #50 U.S. Standard Sieve) is specified. All four of the geotextiles
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tested also meet this requirement. There was not an appreciable difference 
between the two geotextiles in this test.
Sum m ary: The test results confirm that the geotextiles m anufactured from 
recycled plastic meet the requirements of the specifications given to the limits 
of confidence in the tests. However, the 8 oz/yd^  fabric would probably not be 
specified for Class A Erosion applications due to its marginal performance on 
both the grab strength and hydraulic burst strength tests. However, it could 
easily be specified for most of the other applications listed in the Task Force 25 
Specification Guides. The results of these tests demonstrate clearly the 
differences between the Trevira and the Quline fabrics. The 7.5 oz/y d ^
Trevira geo textile was very similar in performance on all stress based tests to 
the 12 oz/y d ^  Quline fabric. This result is probably attributable more to the 
manufacturing processes used in the production of these two geotextiles than 
it is to the resin quality. The technical manual for the Trevira geotextiles 
explains that they have a higher stress to weight ratio than other geotextiles 
partially because of resin purity and partially because of their continuous 
filament process. Bill Kelly of Quline concurs that there is a mechanical 
difference between the processes. The continuous filament process results in 
a stronger fabric, the staple fiber geotextiles have slightly better abrasion 
resistance (Campbell 1992 and Kelly 1992). There was more sample to sample 
variability with the grab strength and tear values for the 12 o z /y d ^  Trevira as 
compared to the 12 oz/y d ^  Quline. This may be an indication of a greater 
uniform ity in the heavier Quline fabric.
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5.2 Statistical Significance of the Results
The statistical significance of these results was examined using the 
Statgraphics computer software. The set of test result data for each of the four 
geotextiles was compared to the set of test result data for each other geotextile. 
This was done for each test in the program with the exception of the AOS test. 
The t-distribution was used to test the hypothesis that the means for the two 
results being compared were equal within the 95% level of confidence. In 
order to use the t-distribution an assumption was made that each of the test 
result sets represented a normal population. The t-test results indicated that 
most of the pairs of data did not have equal means at the 95% confidence 
interval. However, several of the results which were m entioned in the 
discussion section as being "nearly identical" gave an affirmation of the 
hypothesis that the means were indeed equal at this confidence level. These 
pairs of results are listed below:
Grab Strength m achine Trevira 7.5 oz/yd^  Quline 12 oz/yd^
cross
Elongation m achine 
cross




Quline 8 oz/yd^  Quline 12 oz/yd^
Quline 8 oz/yd^  Quline 12 oz/yd^
Quline 8 oz/yd^  Quline 12 oz/yd^
Trevira 7.5 oz/yd^  Quline 8 oz/yd^  
Quline 8 oz/yd^  Quline 12 oz/yd^
Trevira 7.5 oz/yd^  Quline 12 oz/yd^
Trevira 7.5 oz/yd^  Quline 12 oz/yd^
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These results confirm the similarity in performance of the Trevira 7.5 
o z / y d ^  and the Quline 12 oz/yd^  geotextiles. The complete results of the t- 
distribution analysis are presented in Appendix B.
ARTHUR LAKES LIBRARY 
COLORADO SCHOOL QF M INES 
GOLDEN, CO 8 0 4 0 1
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Chapter 6.
ECONOMIC VIABILITY: GEOTEXTILES FROM RECYCLED PET
The results from Chapter 5 prove the technical feasibility of geotextiles 
m anufactured from recycled PET. However, technical feasibility alone will 
not ensure the success of geotextiles as an end market for reclaimed post 
consumer PET. In the real world of the geotextile industry the economics of 
producing geotextiles from recycled plastic m ust be favorable enough to be 
profitable or the technology will not be implemented. In analyzing the 
economic viability of the market for these geotextiles the following 
determinants m ust be established: availability of raw materials, cost 
considerations, and expected demand. This chapter will provide a brief 
overview of factors affecting each of these determinants.
6.1 Availability of the Raw Material
Advances in the technology of collecting, separating and processing 
recycled resins are providing a growing volume of recycled PET resin to the 
market. As more of the public is inspired and prodded to join this effort the
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levels of collection will increase. Competing markets for this resin continue 
to develop as new technology makes new applications possible. The demand 
for recycled PET is growing. At some points in the past year this dem and has 
driven the price of the reclaimed resin above that of virgin PET.
6.1.1 Current and Projected Levels of Collection
The 1990 rate of recycling for PET/HDPE soft drink bottles in the U.S. was 
about 25% - approximately 215 million pounds of the 880 million pounds 
produced. PET accounts for about 85% by weight of these bottles (the 
rem ainder is HDPE from the base cups). Approximate production and 
recovery figures are given below for the PET fraction of these reclaimed soft 
drink bottles (Kelly 1992b).
PET Production PET Recovery 
soft drink bottlessoft drink bottles
(million pounds) (million pounds) %
1989 700 140 20
1990 750 180 24
1991 790 195 25
In those states which have deposit laws an 80-95% recovery rate is being 
observed. These states include Connecticut, Delaware, Iowa, Maine,
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Massachusetts, Michigan, New York, Oregon, and Vermont (Rebeiz 1992).
The nationwide rate of increase in the recovery of PET is currently slowing 
slightly. The recovery rate in states with deposit laws has levelled off and the 
voluntary curbside recycling in the rest of the country is not yet reclaiming 
large volumes of plastic. There is potential for significant increase in 
recovery rates in most of the country.
Most of the collection of PET occurs in the New England states. Processing 
of the reclaimed plastic occurs primarily in South Carolina, Pennsylvania, 
and Ohio. Smaller facilities are located in Texas, California, and Washington. 
Several plastic processing facilities are also in operation in California. Most 
geotextile manufacturing is centered in the South East part of the country, 
clustered primarily in Georgia, Alabama, and the Carolinas. Quline, 
however, manufactures its geo textile in California. This gives it a location 
advantage for the western markets.
Transportation costs are a major factor in the recycling industry. In areas 
such as the Midwest the collected plastic must be shipped to processing 
facilities in South Carolina, Texas, or California. From there the reclaimed 
resin m ust be shipped to the market for which it will be used. Each additional 
trip adds to the cost of the resin. Markets for which there is a steady, fairly 
local supply of reclaimed plastic are most likely to succeed.
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6.1.2 Competing M arkets for the Recycled Resin
Approximately 98% of the post-consumer recycled PET is currently being 
used in the fiber market (Kelly 1992b). This market includes end products 
such as insulation, carpet, fiberfill and geotextiles. Carpet manufacture is the 
leading consumer of recycled fiber. Fiber applications are a logical market for 
recycled resins because they are not a food contact or high risk application. 
However, the fiber applications are not the only markets which are 
competing for the reclaimed PET resin. Other applications for PET include 
detergent bottles, industrial strapping, and automotive parts such as 
distributor caps. Use of recycled PET in composite materials includes use as 
base material in roofing shingles. Mixtures of PET, HDPE, other reclaimed 
plastics, and fillers such as wood or glass fiber, are being successfully utilized 
in "plastic lumber" for park benches and fence posts.
Recycled PET was approved by the U.S. Food and Drug Administration in 
November of 1991 for limited reuse in applications that come into direct 
contact w ith food or beverages (Kelly 1992b). The approved technology for 
this reclamation is methanolysis to depolymerise the PET. Coca-Cola is using 
a Hoechst Celanese process to separate PET into its raw materials, dimethyl 
terephthalate and ethylene glycol, which are then purified and reused to 
formulate new PET. Pepsi-Cola will use Goodyear's Repete™ process. This 
process stops one step short of breaking the PET all the way to the raw 
materials - then purifies and reforms the PET (European Plastics News 1991). 
Eastman also has a repolymerized resin which has FDA acceptance for food
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contact (Toensmeier 1992). This "closing the PET recycling loop" by utilizing 
reclaimed soft drink bottles to manufacture new soft drink bottles promises to 
siphon off an increasing portion of the collected PET.
Experimental markets are currently being developed for PET. One such 
application produces a blend of PET and HDPE, a technology which could 
make the separation of these two polymers unnecessary. Traditionally 
PET/HDPE blends, which are highly incompatible, have exhibited poor 
mechanical qualities such as brittleness and low melt strength. This 
experimental technology enhances the blend properties by adding a rubbery 
polymer component such as styrene-ethylene/butene-styrene or ethylene- 
propylene rubber as a compatibilizer (In and Chii 1989). A similar technology 
also capitalizes on the fact that beverage grade PET is relatively free of catalyst 
residues and additives. This study utilized the continuous compounding of 
recycled bottle-grade PET with impact modifiers such as acrylate rubber and 
polybutylene terephthalate in addition to examining the use of PET/HDPE 
compatibilizers (Curry and Kiani 1990).
Polymer concrete is formed from resin with inorganic fillers such as coarse 
aggregates, sands, or flyash. It is a strong and durable material which 
competes with portland cement in applications, but, when made with virgin 
resin, is 10 to 20 times more expensive than portland cement. Experimental 
studies have been undertaken to prove the feasibility of formulating polymer 
concrete with recycled PET. This process involves depolymerizing the PET, 
forming unsaturated polyester resins, then adding various fillers to give the 
resin specific properties. The study concludes that polymer concrete can be
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made with recycled PET at a low cost with adequate properties. A major 
advantage to this application is that the PET scrap does not have to be purified 
to the extent necessary for other applications (Rebeiz et al. 1991).
6.2 Cost Considerations for Geotextiles from Recycled PET
The cost considerations for geotextiles manufactured with recycled PET are 
dependent upon both the recycled resin price trends and the price structure of 
competing geotextiles from virgin resin. Currently, high dem and has priced 
recycled PET slightly above virgin PET and far above polypropylene which is 
the prim ary competing virgin resin in the manufacture of geotextiles.
The unknown factors in these economic considerations are the expected 
dem and for geotextiles and for geotextiles manufactured from recycled plastic. 
A broad consumer shift to buying recycled products could spur demand. New 
regulations m andating government purchase of products manufactured with 
a recycled component could shift the balance in favor of geotextiles 
m anufactured with recycled polymer regardless of other considerations.
6.2.1 Resin Price Trends
M odern Plastic's analysis of resin market trends for 1992 makes the 
observation that the current resin markets are highly unstable. The causes
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listed include economic recession, environmental m andates, and emerging 
trends in international trade. However, the market for bottle-grade PET does 
not appear to be as volatile as other resin markets. M odern Plastic reported 
that the 62tf/ lb. price tag on bottle-grade PET had held steady since late 1990. 
Industry sources predict the price to be steady into 1992 (Leaversuch 1992b). In 
October of 1991 higher-than-market prices were being paid for regenerated 
PET as dem and rose with the new push for closed-loop beverage-bottle 
recycling (Leaversuch 1991c). The strength of this market sector is 
dem onstrated in the fact that the PET industry expects to add 1.1 billion 
pounds of virgin capacity in North America, Europe, and Latin America over 
the next three years (Toensmeier 1992). Table 6.1 gives the patterns for PET 
consum ption.
When virgin polyethylene prices fell, in the first half of 1991, reprocessed 
polyethylene prices fell as well. However, the decline was slower to take hold 
and less severe for the reprocessed material (Leaversuch 1991c). It could be 
expected that if the prices for virgin PET were to fall, the prices for recycled 
PET might also fall in a slow and mild manner. However, the effect would 
probably be less severe given the high profile state of PET recycling as 
com pared w ith polyethylene reclamation.
The current price trends for polypropylene are not encouraging for 
markets such as geotextiles which compete with this resin. Polypropylene 
homopolymer (molding grade) had plumm eted 6<t in one quarter to 3 3 /lb. 
last August, but had recovered 2$ by mid November (Leaversuch 1992a). The 






M arket 1990 1991
Blow m olding
Soft-drink bottles 754 793
Custom bottlesa 335 407
Extrusion
Film*5 545 545
Magnetic recording film 85 85
Ovenable trays 45 50
Coating for ovenable board 11 12




a: Includes cosmetics, toiletries, pharmaceuticals, food, liquor.
b: Merchant and captive film, excluding magnetic recording f
Source: M odern Plastics, January 1992
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This disparity in the price of PET and PP makes it more difficult for 
companies m anufacturing geotextiles w ith PET to compete with those 
m anufacturing with PP.
The economics for a company such as Quline, which reprocesses its plastic 
in-house, are significantly better than for a geotextile manufacturer 
purchasing the recycled resin at or above the 62c/lb. price. Quline buys the 
discarded soft drink bottles for 5-8c/lb. They m ust then transport them to 
South Carolina, clean them, and reprocess them. The polymer is then sent to 
California for fabrication as geotextile. The cost for these additional steps was 
not disclosed (Kelly 1991).
6.2.2 Geotextile Price Structure
The price of geotextiles manufactured with recycled resin m ust compete 
w ith that of geotextiles manufactured from the virgin resin. Although the 
"recycled product niche" opens some doors, the price m ust remain 
comparable to the competition and these fabrics generally cannot compete 
in applications requiring both rigid physical properties and a low bid (Stiles 
1991). They have to compete on the basis of price and performance - the 
"green sentiment" is not currently strong enough to sell geotextiles (Kelly
1991).
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Current prices for "less than a truckload" of the geotextiles which were 
included in this study are listed below (Kelly 1992b and Oare 1992):
Trevira 1125 $0.80/yd^ Q uline Q80 $0.65/yd^
1142 $1.45/yd2 Q120 $0.98/yd2
The geotextiles manufactured with the recycled PET are priced lower than 
the geotextile manufactured from the virgin resin when compared on a 
weight basis. If the comparison is on a strength basis, where the Q120 
compares more closely with the Trevira 1125, the Quline fabrics are priced 
higher than the Trevira. Outside of this comparison, the competing PP 
geotextiles are priced lower than either of these materials because 
polypropylene is one of the cheapest polymers on the market.
At this point in time, production and transportation costs paired with PP 
competition make the manufacture of geotextiles with recycled PET only 
marginally profitable. Bill Kelly conceded that geotextiles are a low 
profitability venture compared to Quline's other fiberfill markets. He said 
that geotextile production is only viable because it is not their main business 
(Kelly 1991). Profitability could improve in the future in light of expected 
geotextile dem and increases.
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6.3 Expected Demand
The dem and for geotextiles manufactured from recycled PET will be 
dependent primarily on the current and expected dem and for geotextiles. 
Within this m arket the following factors will contribute to the product's 
increase in m arket share: public pressure for environmental action, the 
perception of recycled products, and the trend of government agencies and 
municipalities tow ard requiring preferential consideration for companies 
utilizing products w ith a recycled component.
6.3.1 Current Dem and for Geotextiles
The dem and for geotextiles is increasing as more applications are proven, 
more products are available, and more engineers are convinced of their 
usefulness. Figure 6.1 displays the growth of the geotextile industry in the 
U.S. since 1970. The current projections in the industry are for a continued 
growth rate of 7% through the 1990s and sales of over 300 million m^ by 1995 
(Stephens 1989).
The more limited applications for geotextiles manufactured with recycled 
PET and the perception of recycled merchandise as inferior in quality may 
limit the degree to which this product will be able to profit from the general 
geotextile m arket growth.
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ANNUAL CONSUMPTION
Figure 6.1. U.S. geotextile consumption, 1970-1988 
Source: Tappi Journal, September 1989
6.3.2 Effects of Public and Legal Pressure
Public pressure for environmental action can convince those with 
political power to choose a recycled product. Individual citizens are 
increasingly willing to pay at least a slight premium for inexpensive products 
which are perceived as environmentally friendly. However, in private 
industry those with purchasing power are not so easily swayed. The bottom  
line of profit tends to rule in most decisions. This is the current situation for 
the market for geotextiles manufactured with recycled PET. The sales 
volumes for these products is not yet reaching anticipated levels.
The government may soon step in and change the dynamics in the 
recycled products business. Many cities and states and even the federal 
government are attempting to affect the market by requiring that the products
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which they procure contain recycled materials. This should profoundly affect 
the recycled content geotextile market in the coming years .
On the state level, Waste Age (1991) reports that more than 140 recycling 
laws were passed by 38 states in 1990 and that 48 states have some type of 
recycling law. Private business is also being encouraged to get involved. The 
National Recycling Coalition, through an EPA grant, has launched a business 
"Buy Recycled" campaign to develop an informational and technical 
assistance program  to assist private businesses in procuring products with 
recycled content (Pratt 1991).
On October 31, 1991 President Bush signed an executive order concerning 
federal agency recycling and procurement policy. This order set up a council 
to coordinate agency policy. The actual requirements for the procurement 
procedures are spelled out in RCRA. At present, only the EPA and GSA meet 
the statutory obligation of buying products with recycled content (Waste Age
1992). The EPA plans to propose new procurement guidelines soon for a 
num ber of construction products including geotextiles made from recovered 
plastics (Pratt 1991).
A large portion of geotextile installations are financed by government 
agencies. A government w ide procurement guideline for geotextiles 
m anufactured from reclaimed plastics would give this m arket a significant 
push. W ithout this sort of interference the market for geotextiles from 
recycled plastic will probably continue to languish until reclaimed plastic 
becomes cheaper than virgin and reclamation technology provides a resin 




The prim ary objective of this thesis was to show that geotextiles are a 
reasonable candidate for the use of reclaimed PET, from the standpoints of 
both technical feasibility and economic viability. The secondary objective of 
this project was to contribute to the body of research available to design 
engineers concerning the availability and quality of these geotextiles. Both of 
these objectives have been met.
The technical feasibility of manufacturing geotextiles from reclaimed PET 
was examined from the standpoints of engineering application and 
engineering sufficiency. It was shown that geotextiles are an appropriate end 
product for the recycled resin due to their "low risk" applications and the 
quality of the reclaimed resin. The test program which was completed for this 
project dem onstrated that these fabrics met the industry standards for 
geotextile performance.
The resin quality was shown to be slightly altered by the reprocessing of 
the PET. The hygroscopic nature of the PET resin causes a decrease in the 
molecular weight, ultimate elongation and ultimate tenacity of the fiber 
produced from this resin. Because bottle grade PET starts out as a very high
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quality resin, these effects are not significant in geotextile production. 
However, the contamination level currently found in most recycled PET 
causes it to be incompatible with the sensitive production equipment used to 
produce continuous filament nonwoven geotextiles. The staple fiber process 
is more compatible with the recycled resin but does not produce the physical 
and mechanical properties of the continuous filament process.
The results of the physical and mechanical testing confirmed that the 
geotextiles manufactured from recycled plastic met the requirements of the 
Task Force 25 Specification Guides to the limits of confidence in the tests. The 
results also dem onstrated a significant difference in performance of the 
geotextiles m anufactured from the recycled resin (Quline) and the geotextiles 
m anufactured from the virgin resin (Trevira). The 7.5 o z / y d ^  Trevira 
geotextile was similar in performance on all stress based tests to the 12 oz/yd^  
Quline fabric. It was concluded that this was attributable primarily to the 
manufacturing processes used in the production of these two geotextiles 
rather than to differences in the quality of the resins. Continuous filament 
geotextiles generally have a higher stress to weight ratio than staple fiber 
geo textiles.
The current economics for the market for geotextiles produced from 
recycled resin are not terribly favorable. Demand has driven recycled PET 
resin prices to a level that can not compete with the geotextiles produced 
from virgin PP or even, perhaps, virgin polyester. An exception to this 
picture is those companies who reclaim their plastic in-house and then use 
the less contamination-sensitive staple fiber process. Wellman, Inc. is
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currently the only manufacturer that fits this description. Another exception 
may be small companies using the staple fiber process which have contracts 
w ith large manufacturers who are willing to pay for the "environmentally 
friendly" label which they cannot produce in-house.
The economic viability of this market could see significant change in the 
future. These changes will be dependent upon these three factors: 
plastic recycling technology, 
public sentiment, and 
governm ent action.
The continued development of plastic recycling technology could provide a 
less contaminated or a less expensive recycled resin. The public sentiment 
toward using recycled products could become strong enough to influence 
business decisions in this market. However, the most promising potential for 
m arket improvem ent is found in the possibility of government action. The 
EPA's scheduled issue of procurement guidelines for government agency 
purchase of geotextiles manufactured from recovered plastics could, and 
probably will, significantly increase the dem and for this product.
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Corrosion and Plastics Technology Tnan
Bid*. 56, Ra 2340, D-3732




Sanple Identification: BUL1NEBC 
Interface Type: Oata Systees Adapter 
Machine Paraneters of test:
Sanple Rate (pts/sec): 3.10
Crosshead Speed (in/ain ): 12.000 




Spec gauge len (in) 
fir ip distance (in)
Out of 10 specinens, 0 excluded.
Instron Corporation
Series II Automated Materials Testing Systeo 1.08 
Test Date: 21 Feb 1392
Sanple Type: ASTH
Nunidity ( Z ): 50
Tenperature (deg. F): 73
Spec. 1 Spec. 2 Spec. :1 Spec. 4 Spec. 5 Spec. (
4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
.11000 .11000 .11000 .11000 .11000 .11000
3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
Load Z Strain
at at
Specinen Spec., ID Max.Load Max.Load
Nuaber (lbs) (Z)
1 08-1 229.2 64.45
2 88-2 218.9 68.04
3 08-3 216.5 67.78
4 08-4 186.9 61.96
5 08-5 198.7 70.%
6 08-6 204.0 64.72
7 OB-7 233.7 72.29
8 08-8 237.0 73.22
9 08-9 229.8 68.90





2.00 ♦ Sdv: 179.2 58.58
Mean ♦












Cof of Var: 8.30 6.45
9 ^
T-4193 9 6
lor c m  of Reclaaatiw
Corrosion and P in t let Technology Tcu
Bldg. 96, Ra 2340, B-3732




Sanple Identification: TREVIRA 
Interface Type: Data Systees Adapter 
Machine Paraeeters of test:
Staple Rate (pts/sec): 9.10
Crosshead Speed (in/ain ): 12.000 




Spec gauge len (in)
Grip distance (in)
Out of 10 speciaens, 0 excluded.
Instron Corporation
Series U Automated Materials Testing Systee 1.08 
Test Date: 21 Feb 1992
Sanple Type: ASTN
Hunidity ( I ): 50
Tenperature (deg. F): 73
Spec. 1 Spec. 2 Spec, i1 Spec. 4 Spec. 5 Spec. 6 Spec. 7 Spec. 8
4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
.11500 .11500 .11500 .11500 .11500 .11500 .11500 .11500
3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
Load I  Strain
at at
Speciten Spec. ID Max.Load Max.Load
Nuaber (lbs) (1)
1 H8-1 264.2 59.26
2 H8-2 274.7 59.90
3 H8-3 207.0 51.53
4 H8-4 240.8 57.01
5 HB-5 247.2 61.05
6 H8-6 283.2 65.25
7 HB-7 253.3 63.91
8 H8-8 268.8 62.90
9 HB-9 268.4 65.75





2.00 • Sdv: 212.2 52.35
Mean ♦
2.00 t Sdv: 306.8 69.62
Hiniaua: 207.0 51.53
Maxiaua: 287.1 65.75














Corrosion and P laitici Technology Teas
lldg. X , la 2344, 9-3732
treating Load I Elongation of taoteitiles AST* I 4632
6rab Hethod
Test type: Tensile
Operator naae: LDP ARCHILL
Saaple Identification: BUL-12C 
Interface Type: Data Systeas Adapter 
Hachine Paraoeters of test:
Saaple Rate (pts/sec): S. 10
Crosshead Speed (in/ain ): 12.000 




Spec gauge len (in)
6rip distance (in)
Out of 10 specieens, 0 excluded.
Instron Corporation
Series IX Autoaated Haterials Testing Systea 1. 
Test Date: 21 Feb 1992
Saaple Type: ASTH
Huaidity ( Z ): SO
Teaperature (deg. F): 73
Spec. 1 Spec. 2 Spec. 21 Spec. 4 Spec. 5 Spec. 6 1
4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
.16000 .16000 .16000 .16000 .16000 .16000
3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
Load 1 Strain
at at
Specieen Spec. ID Hax.Load Has.Load
Nuaber (lbs) (Z)
1 012—1 277.1 71.58
2 D12-2 254.5 67.66
3 012-3 280.4 73.48
4 012-4 285.4 68.25
5 012-5 213.0 X.14
6 012-6 292.0 68.32
7 012-7 249.2 62.29
8 #12-8 273.4 70.04
9 #12-9 238.7 64.27





2.00 • Sdv: 213.9 X.21
Hean ♦











Cof of Var: 9.25 B.57
T-4193 9 9
QUL-12C ALL
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Corrosion and Plastics Technology To m
Dldg. 56, Ra 2340, 0-3732




Saaple Identification: TREV-12M 
Interface Type: Data Systeos Adapter 
Machine Parameters of test:
Saaple Pate (pts/sec): S.10
Crosshead Speed (in/ein ): 12.000 
full Scale Load Range (lbs): 1000.0000
Instron Corporation
Series II Autoaated Materials Testing Systea 1.08 
Test Date: 21 Feb 1992
Saaple Type: ASTH
Huaidity ( 2 ): 50




Spec gauge len (in)
Crip distance (in)
Out of 10 specimens, 0 excluded.
Spec. 1 Spec. 2 Spec. 3 Spec. 1
4.0000 4.0000 4.0000 4.0000
.16500 .16500 .16500 .16500
3.0000 3.0000 3.0000 3.0000
3.0000 3.0000 3.0000 3.0000
Spec. 5 Spec. 6 Spec. 7 Spec. 8
4.0000 4.0000 4.0000 4.0000
.16500 .16500 .16500 .16500
3.0000 3.0000 3.0000 3.0000
3.0000 3.0000 3.0000 3.0000
Load 2 Strain 
at at
Specimen Spec. ID Max.Load Max.Load
Nuaber (lbs) (2)
1 H12-1 480.3 87.98
2 H12-2 475.0 95.39
3 H12-3 431.0 88.68
4 H12-4 436.8 84.85
5 H12-5 448.3 91.27
6 H12-6 475.0 88.76
7 H12-7 444.8 88.00
8 HI 2-8 446.3 85.02
9 H12-9 409.4 76.31





2.00 # Sdv: 405.7 76.94
Mean ♦
2.00 e Sdv: 497.6 97.10
Hinieua: 409.4 76.31
Maxiaua: 480.3 95.39









Corrosion and N asties Technology Tom
Bldg. 56, Ro 2340, 0-3732




Saaple Identification: QUL1NEBH 
Interface Type: Oata Systees Adapter 
Machine Paraaeters of test:
Saaple Rate (pts/sec): 9.10
Crosshead Speed (in/ain ): 12.000 
Full Scale Load Ranoe (lbs): 500.0000
Instron Corporation
Series U Autoaated Materials Testing Systeo 1. 
Test Date: 21 Feb 1992
Saaple Type: ASTH
Huaidity ( I ): 50
Teoperature (deg. F): 73
Diaensions:
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6 Spec. 7 Spec. 8
Width (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
Thickness (in) .11000 .11000 .11000 .11000 .11000 .11000 .11000 .11000
Spec gauge len (in) 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
Grip distance (in) 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000












1 Q8-1 136.8 67.07
2 Q8-2 186.3 80.56
3 88-3 154.5 69.37
4 08-4 160.7 76.87
5 B8-S 183.8 74.50
6 88-6 157.6 66.38
7 08-7 231.1 73.94
8 88-8 164.4 64.03
9 88-9 184.9 71.82





2.00 • Sdv: 120.1 61.57
Hean ♦
2.00 * Sdv: 224.0 82.01
Minima: 136.8 64.03
Maxima: 231.1 80.56
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Corrosion ond Plasties Technology Tom
Ild9. 56, Ra 2340, 0-3732




Saaple Identification: TREVIRAB 
Interface Type: Oata Systees Adapter 
Machine Paraeeters of test:
Sanple Rate (pts/sec): 9.10
Crosshead Speed (in/ain ): 12.000 
Full Scale Load Range (lbs): 500.0000
Diaensions:
Instron Corporation
Series II Aetoeated Materials Testing Systee 1. 
Test Date: 21 Feb 1992
Saaple Type: ASTH
Huaidity ( X ): 50
Teaperature (deg. F): 73
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6 Spec. 7 Spec. B
Width (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
Thickness (in) .11500 .11500 .11500 .11500 .11500 .11500 .11500 .11500
Spec gauge len (in) 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
firip distance (in) 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000












1 HB-1 188.7 59.75
2 H8-2 161.6 57.46
3 HB-3 201.7 65.56
4 H8-4 205.2 67.28
5 HB-5 199.7 60.91
6 H8-6 236.2 66.76
7 H8-7 19B.0 60.71
8 H8-8 218.5 66.78
9 H8-9 201.6 60.54





2.00 * Sdv: 163.3 55.38
Mean *
2.00 • Sdv: 239.7 69.79
Miniaua: 161.6 57.46
Naxiaoa: 236.2 67.28













Corrosion an# Plastics Technology Toan
Bldg. 56, Ra 2340, 1-3732




Saaple Identification: BIIL-12N 
Interface Type: Data Systeas Adapter 
Machine Paraaeters of test:
Sanple Rate <pts/sec): 9.10
Crosshead Speed (in/ain ): 12.000 




Spec gauge len (in)
6rip distance (in)
Out of 10 specinens, 0 excluded.
Instron Corporation
Series IX Autoaated Materials Testing Systea 1. 
Test Bate: 21 Feb 1992
Saaple Type: ASTN
Huaidity ( 1 ): 50
Teoperature (deg. F): 73
Spec. 1 Spec. 2 Spec. 21 Spec. 4 Spec. 5 Spec. 6
4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
.16000 .16000 .16000 .16000 .16000 .16000
3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
Load Z Strain
at at
Speciaen Spec. ID Max.Load Max.Load
Nuaber (lbs) (Z)
1 812-1 1BS.1 67.71
2 812-2 17B.B 66.54
3 ' 812-3 193.9 68.50
4 812-4 208.2 76.51
5 812-5 183.9 66.42
6 812-6 185.9 79.15
7 812-7 196.4 77.76
B 812-8 168. B 64.70
9 812-9 177.3 72.%





2.00 * Sdv: 155.5 60.47
Mean ♦
2.00 • Sdv: 211.9 81.43
Hiniaua: 158.7 64.70
Hasiaua: 208.2 79.15














0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
Disp Uceaent <in>
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Bur mu of Reclamation
Corrosion and Plastics Technology To m
Bldg. 56, Rs 2340, D-3732




Saaple Identification: THEV-I2C 
Interface Type: Data Systees Adapter 
Machine Parameters of test:
Sanple Rate (pts/sec): 9.10
Crosshead Speed (in/ein ): 12.000 




Spec gauge len (in)
6rip distance (in)
Out of 10 specimens, 0 excluded.
lnstron Corporation
Series IX Automated Materials Testing SystM 1.0B 
Test Date: 21 Feb 1992
Sanple Type: ASTH
Humidity ( Z ): SO
Temperature (deg. F): 73
Spec. 1 Spec. 2 Spec. 21 Spec. 4 Spec. 5 Spec. 6 Spec. 7
4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
.16500 .16500 .16500 .16500 .16500 .16500 .16500
3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
Load 1 Strain
at at
Specimen Spec. ID Max.Load Max.Load
Number (lbs) (Z)
1 H12-1 418.7 87.42
2 H12-2 328.4 80.87
3 HI 2-3 398.1 86.60
4 H12-4 366.1 85.62
5 H12-5 402.1 85.90
6 H12-6 384.5' 85.02
7 H12-7 356.3 78.26
8 H12-8 397.0 89.52
9 H12-9 366.1 79.05



























0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
Displacement <in)
T-4193
lereaa of Reclamation 
Corresioa aad Plenties Technology 
lldg. X , Re 2340, 1-3732
Trapeioid Tearing Strength of Geeteitiles RSTM I 4333
Toot typo: Totoilc - Gripped along Trapozoid Edges
Operator oaoc: UParkbili
Saaple Identification: BUL-BC 
Interface Type: Data Syateas Adapter 
Machine Paraaetert of test:
Saaple Rate <pts/sec): 9.10
Crossbead Speed (inynin ): 12.000 




Spec gauge len (in)
6rip distance (in)
Out of 10 speciaens, 0 excluded.
Spec men Spec. ID 
Number
Instron Corporation
Series II tatoaated Materials Testing Systeo !. 
Test late: 22 Feb 1992
Saaple Type: ASTH
Humidity ( 2 ): 50
Teaperature (deg. F): 73
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. G Spec. 7 Spec. 1
3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
.11000 .11000 .11000 .11000 .11000 .11000 .11000 .11000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
































• JI .. 
-0 




1 1 1 
QUL-8C 




Cprrosiea and Plastics Technology Teas
11*). 56, fa 2340, 0-3732
Trapezoid Tearing Strength of faotoikilct ASTM I 4533
Tost typo: Tonsil* - 6ripp*d along Trapezoid Edges
Operator oaae: LOParkhill
Saaple Identification: TREV-8M 
Interface Type: data Systeas Adapter 
Machine Paraaeters of test:
Saaple Rate (pts/sec): 9.10
Crosshead Speed (in/oin ): 12.000 




Spec gauge len (in) 
fir ip distance (in)
Out of 10 specieens, 0 eiduded.
Specinen Spec. ID 
Nuaber
Instron Corporation
Series II Aatooated Materials Testing Systea 1. 
Test Date: 22 Fch 1992
Saaple Type: ASTH
Huaidity ( X ): 50
Teaperature (deg. F): 73
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6 Spec. 7 Spec. 8
3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
.11500 .11500 .11500 .11500 .11500 .11500 .11500 .11500
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

































' 0 J 
100 
58 
1 1 3 
e.se 1.ae 1.se 2.ee 2.58 3.ee 3.se 4.ee 4.se ~-• 
DisP lacetMnt < in) 
T-4193
k r M  i f  Reclamation
Corrosion and Flastics Tochaelngy Tm
lldg. X , Ra 2340, 1-3732
Trapazeid Tearing Strength of Geotextiles ASTH I 4533
Test type: Tensile - Gripped along Trapezoid Edges
Operator oaoa: LIFarkhill
Saaple Identification: 8ULT-12C 
Interface Type: Data Systeas Adapter 
Machine Paraaeters of test:
Saaple Rate (pts/aec): 9.10
Crosshead Speed (in/ain ): 12.000 
Full Scale Load Range (lbs): 500.0000
Instron Corporation
Series II Autoaated Materials Testing Systeo 1.06 
Test late: 22 Feb 1992
Saaple Type: ASTM
Huaidity ( X ): SO
Teaperature (deg. F): 73
Diaensions:
Spec. I Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6 Spec. 7 Spec. 8
Width (in) 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
Thickness (in) .16000 .16000 .16000 .16000 .16000 .16000 .16000 .16000
Spec gauge len (in) 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Grip distance (in) 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Out of 10 specioens, 0 excluded.
Load
at
















2.00 a Sdv: 100.3
Hean *
2.00 » Sdv: 156.5
Hiniaua: 105.2
Haiiaua: 153.3
Cef of Var: 10.95
T-4193 
• JI .. 
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1 1 5 
CIULT-t2C 
3.88 4.88 :5.88 6.88 
Disp lac--.nt: < in) 
T-4193
Dureau #f Reclamation
Corrosion and Plastics Technology Teas
lldg. Si, b  2340, 0-3732
Trapezoid Tearing Strength of Geoteitiles A5TM 9 4S33
Test type: Tensile - Gripped along Trapezoid Edges
Operator naee: LDParkhill
Sanple Identification: TRET-12)!
Interface Type: Data Systees Adapter 
Machine Paraaeters of test:
Saaple Rate (pts/sec): 3.10
Crosshead Speed (in/nin ): 12.000 
Full Scale Load Range (lbs): 500.0000
Dieensions:
Instron Corporation
Series II Autooated Materials Testing Systen 1.08 
Test Date: 22 Feb 1932
Sa*le Type: ASTN
Hunidity ( X ): SO
Tenperature (deg. F): 73
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6 Spec. 7 Spec. 8
Midth (in) 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
Thickness (in) .16500 .16500 .16500 .16500 .16500 .16500 .16500 .16500
Spec gauge len (in) 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Grip distance (in) 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000



































' 0 .J 




Corrosiea and Plastic* Technology Two
tldg. 56, to 2340, 1-3732
Trapazoid Tearing Strength of Geotextiles ASTM I 4333
Test type: Tensile - Gripped along Traptzoid Edges
Operator aaae: LOParthill
Saople Identification: 0U.-8M 
Interface Type: Data Systees Adapter 
Machine Parameters of test:
Saeple tote (pts/sec): 9.10
Crosshead Speed (in/ain ): 12.000 
Full Scale Load Range (lbs): 500.0000
Instron Corporation
Series IX Automated Materials Testing Systen 1.08 
Test Date: 22 Feb 1992
Saeple Type: ASTK
Hueidity ( X ): 50
Teaperature (deg. F): 73
Diaensions:
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. G Spec. 7 Spec. 8
Width (in) 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
Thickness (in) .11000 .11000 .11000 .11000 .11000 .11000 .11000 .11000
Spec gauge len (in) 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
6rip distance (in) 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Out of 10 speciaens, 0 excluded.
Load
at
















2.00 » Sdv: 51.01 
Mean ♦
2.00 t Sdv: 104.40
Hiniaua: 58.72
Naxiaun: 104.40
Cof of Var: 17.18
T-4193 
'O 










Corrosion inf Nookico TKkooloyy Toao
Bldf. X, Ra 2340, 1-3732
Trapezoid Ttoriof Strength of Geotextiles ASTH V 4333
Test typo: Tensile - Gripped along Trapexoid Edges
Operator eaoei LBParkhill
Saaple Identification: TREV-8C 
Interface Type: Bata Systees Adapter 
Kactiine Paraoeters of test:
Saople Rate (pts/sec): S.10
Crosshead Speed (in/ein ): 12.000 
Full Scale Load Range (lbs): 500.0000
Dioensions:
Spec. 1 Spec. 2 Spec. 3 Spec. 4
Uidth (in) 3.0000 3.0000 3.0000 3.0000
Thickness (in) .11500 .11500 .11500 .11500
Spec gauge len (in) 1.0000 1.0000 1.0000 1.0000
Grip distance (in) 1.0000 1.0000 1.0000 1.0000
Out of 10 speciaens, 0 excluded.
Load
at
















2.00 • Sdv: 58.71
Hean ♦
2.00 * Sdv: 129.80
Hiniaua: 66.87
Haxiaua: 117.80
Cof of Var: 18.86
Instron Corporation
Series II Autoaated Haterials Testing Systee 1.06 
Test late: 22 Feb 1932
Saaple Type: ASTH
Huaidity ( 2 ): 50
Teoperature (deg. F): 73
Spec. 5 Spec. S Spec. 7 Spec. 8
3.0000 3.0000 3.0000 3.0000
.11500 .11500 .11500 .11500
1.0000 1.0000 1.0000 1.0000










e.se 1.ee 1.se 2.ee 2.58 3.ee 3.59 ◄.ee 4.58 5.ee 
DiSPlac.....,-rt <in) 
T-4193 122
Nr cm ef Reclaeatiea
C v m iH  and Plastics Techaeiagy Tea*
I1N. X . N  2340, 1*3732
Trapezeid Tearing Strength ef Seatextiles ISTH I 4333
Test type: Tensile - (ripped along Trapczoid Edges
Operator naee: LOParkhill
Saaple Identification: 0ULT-12H 
Interface Type: lata Systens Mapter 
Machine Paraaeters of test:
Saaple Rate (pts/sec): 9.10
Crosshead Speed (in/nin ): 12.000 
Full Scale Load Raage (lbs): 300.0000
Dieensions:
Instron Corporation
Series U tatoaated Materials Testing Systeo 1.08 
Test late: 22 Feb 1992
Saaple Type: MSTM
Huaidity ( 1 ): 50
Teaperatnre (deg. F): 73
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6 Spec. 7 Spec. 8
Width (in) 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
Thickness (in) .16000 .16000 .16000 .16000 .16000 .16000 .16000 .16000
Spec gauge len (in) 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Grip distance (in) 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000






































e.~e 1.ee 1.se 2.ee 2.se 3.ee 3.58 4.ee 4.se s.ee 5. 
Diaplac....-.t <in) 
T-4193 124
• v m  nf Reclaaation
CtrrniM Plastics Tarheeloyy Ti m
lldg. 56, la 2340, 1-3732
Trapezoid Tearing Strength af Gaotestiles 05TH I 4533
TmI type: Tensile - Gripped along Trapezoid Edges
Oparater aaaa: LDParkhill
Staple Identification: TRET-12C 
Interface Type: Data Systees Adapter 
flachine Paraaeters of test:
Staple Rate (pts/sec): 9.10
CrossAead Speed (in/ain ): 12.000 
Full Scale Load Range (lbs): 500.0000
Diaensions:
lastroa Corporation
Series IX Autoaated flaterials Testing Systea 1.06 
Test late: 22 Feb 1992
Saaple Type: ASTH
Huaidity ( Z ): 50
Teaperature (deg. F): 73
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6 Spec. 7 Spec. 8
Width (in) 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
Thickness (in) .16500 .16500 .16500 .16500 .16500 .16500 .16500 .16500
Spec gauge len (in) 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Grip distance (in) 1.0000 1.0000 1:0000 1.0000 1.0000 1.0000 1.0000 1.0000











































Corrosion Mi Flatties Tecbeolofy Tim
Bldg. 56, Ra 2340, D-3732
Saaple Identification: BULP-8K Test Bate: 24 Feb 1992
Out of 15 speciMfis, 0 excluded.
Lead
at





















2.00 t Sdv: 85.09
Mean ♦
2.00 • Sdv: 139.80
Niniaua: 94.49
Kaxioua: 138.50
Cof of Var: 12.17
T-4193 127 
1se 




Corrosion and Plastics Technology loan 
Bldg. 56, Ra 2340, 0-3732
Saaple Identification: TREP-8H 


























2.00 • Sdv: 106.4
dean ♦
2.00 • Sdv: 154.0
diniaua: 110.2
flaxiaue: 147.9
Test Bate: 24 Feb 1992
Cof of Var: 9.14
ARTHUR LAKES LIBRARY 
COLORADO SCHOOL QF M INES 
GOLDEN, CO 8 0 4 0 1
T-4193 129
TREP—8H ALL
p  r m i T T i  i i t i i  u r m  i m  1111111 i t t i  i t t i  m i  i n  i m T m n r r r n  i i n  i r r i  i i t i  \ \ \ \
1 9 0
100
1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
S i s p l i i C M M n t  < in >
T-4193 130
Borooa of Roclautioo
Corrosion and Plastics Tocbooloyy Ttao 
Bldg. 56, Ro 2340, D-3732
Saople Identification: BULP-12K Tost Bats: 24 fib 1992
tat of 15 speciooos, 0 excluded.
Load
at





















2.00 • Sdv: 101.8 
Mean ♦
2.00 a Sdv: 161.6
Niniouo: 106.4
Haxiouo: 162.4
Cof of Var: 11.35
T-4193 13 1 
QULP-12" ALL 




Corrosion m i  Plaitici TtcfeMloiy Tub
11*9. 56, Rb 2340, 1-3732
Saople lin t i licit ion: T8EP-12M Ttst late: 23 fib 1992
Out of 15 spociBons, 0 exclude*.
Lead
at





















2.00 a Sdv: 171.0 
He an ♦
2.00 t Sdv: 220.5
fliniBun: 176.5
Haxiouo: 224.4
Cof of Var: 8.33
T-4193 133 
1.ee 1.50 2.ee 2.50 3.ee 3.58 4.ee 
DiSPlac....-.t (in) 
T-4193 134
WATER PERMEABILITY OF GEOTEXTILES BY PERMITTIVITY
Permittivity = l(a/ At) In (ho/hi)] Rt ho = 110 mm A = 506.7 mm2
Diameter (d) = 633 mm Diameter (D) = 25.4 mm hi = 50 mm a = 3166.9 mm2
Geotextile Specimen Temperature °C Time, s Rt Permittivity Average
Q8-1 1 18 1.1 4.7
2 18 1.2 43
3 18 1.2 4.3
4 18 1.2 4.3
5 18 1.5 3.5
Q8-2 1 18 1.5 3.5
2 18 1.4 3.7
3 18 1.4 3.7
4 18 1.3 4.0
5 18 1.5 33 3.9
H8-1 1 18 0.8 63
2 18 1.1 4.7
3 18 1.1 4.7
4 18 0.9 5.8
5 18 1.1 4.7
H8-2 1 20 1.1 1.0 4.5
2 20 1 1.0 4.9
3 20 1.1 1.0 43
4 20 1 1.0 4.9
5 20 1.5 1.0 3.3 4.8
Q12-1 1 24 2.5 0.9 1.8
2 24 2 0.9 22
3 24 2 0.9 2.2
4 24 2.1 0.9 2.1
5 24 2.1 0.9 2.1
Q12-2 1 18 1.8 2.9
2 18 1.8 2.9
3 18 2.1 23
4 18 2.1 23
5 18 1.9 2.7 2.4
H12-1 1 20 1.7 1.0 2.9
2 20 1.8 1.0 2.7
3 20 1.3 1.0 3.8
4 20 1.6 1.0 3.1
5 20 1.5 1.0 3.3
HI 2-2 1 18 1.6 3.2
2 18 1.6 3.2
3 18 1.5 3.5
4 18 1.7 3.0
5 18 1.6 3.2 3.2
T-4193 1 3 5







Q8 1 215.44 126.90 58.9
2 175.36 84.32 48.1
3 157.32 103.70 65.9
4 189.36 103.60 54.7





H8 1 197.40 139.50 70.7
2 208.40 136.20 65.4
3 184.88 118.80 64.3
4 221.44 154.90 70.0





Q12 1 257.48 127.70 49.6
2 267.52 198.00 74.0
3 293.04 155.50 53.1
4 254.48 139.70 54.9





H I 2 1 333.12 328.60 98.6
2 329.60 252.10 76.5
3 310.08 256.20 82.6
4 352.64 312.50 88.6










VALUE CORRECTED VALUE CORRECTED
PSI PSI PSI PSI
Q8 1 250 210 H8 1 413 373
Q8 2 315 275 H8 2 305 265
Q8 3 335 295 H8 3 492 452
Q8 4 285 245 H8 4 340 300
Q8 5 295 255 H8 5 412 372
Q8 6 383 343 H8 6 375 335
Q8 7 324 284 H8 7 360 320
Q8 8 345 305 H8 8 386 346
Q8 9 342 302 H8 9 375 335
Q8 10 294 254 H8 10 420 380
Q8 AVG 316.8 276.8 H8 AVG 387.8 347.8
Q8 RANGE 210-343 H8 RANGE 265-452
VALUE CORRECTED VALUE CORRECTED
PSI PSI PSI PSI
Q12 1 410 370 H12 1 630 590
Q12 2 370 330 H12 2 646 606
Q12 3 452 412 H12 3 695 655
Q12 4 415 375 H12 4 607 567
Q12 5 335 295 H12 5 600 560
Q12 6 332 292 H12 6 635 595
Q12 7 402 362 H12 7 565 525
Q12 8 342 302 H12 8 605 565
Q12 9 376 336 H12 9 683 643
Q12 10 338 298 H12 10 647 607
Q12 AVG 377.2 337.2 H12 AVG 631.3 591.3
Q12 RANGE 292-412 H12 RANGE 525-655
DIAPHRAGM TARE VALUE = 40 PSI
T-4193 137
Pfcrtent Pissing
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! i-.'f i- '--si: slip I f ■ fifirtJ y-5) ft Kesui t.5
!Sdi»p i S3 Si.at i st 1 cs : • Number ot t Jb:-,.
I V'C?! r- : Q tV
Var i. ante 




2 7 fo. 8 
14 O7.51 
37.51bB 













0j H ^ r a n u e  be? t veen Moane == --/ i 
(:onf. I nt.erved l or lb ft. i n Meanss 
tEqual Var s. > Samp 1 © 1 — Sample? 2
•. Urifcqudl Vars. > Samp 1 e 1 - Sample? 2
Ratio of Variances - 0.54 228 7 
Cont. lntervaJ for Rat. i c* of Variances: 
Sample I. t' Sample 2
HvpC’t I ice j s lest, for Hu: in i f — o
vs Hit.; MS 
at. Alpha =- 0 .05
95 Percent
- 1 1 3- 045 --28.9554 18
-113.1312 -28.6883 16.5
Percent
Computed t statistic : 
Si q . Level = 2.294771 
so re.iect HO.
D . F . 
D. P .
.. 54866
1 wo—Samp1e Analysis Results



















Di fferenec? between Means -• -60. 4 
CotH . inlet vai For Di t f . in Means:
*<Equal Vars. ) Sample 1 - sample 2
(Unequal Vars./ Sample1 1 - Sample 2
Ratio of Variances — O.824306
Conf. interval for Ratio of Variances;
Sample 1 v Sample 2
Hypnthesi s last for HO: Di f f = 0
vs Alt: Nfc.
at Alpha - 0.05
95 Percprit
-97.4891 -23.3109 18 U.F.
-97.5138 -25.2862 17.B D.P.
Percent
Computed t statistic = -5





1 wo—Samp 1 3 Ana 1 ysi s Htesu I t s
Samp 1o St a i: i st i cs: Numbaf of Dbs. 
Aver floe 
V a n  ance 




















Di fference between Means - —3 14. 5 
Conf. Interval For Diff. in Means:
<Equal Oars.) Sample 1 - Sample 2






Ratio of Variances — 0.913566 
Conf. Interval for Ratio of Variances: 
Sample 1 r Sample 2
Percent
Hypnthosis !eat Hi. Diff = 
vs Ait: 
H 1 p h a =
NE
Lomputed t statistic = — 18. 
S i q . Level = 4.36964E-13
so re ject HO.
•16'
S a mpl e S t a 1 l s t j r: s:
I wo-Samp 1e {Inal vs i s ftesul t s
mu i nhH mulnq 1 2 Pooled
Number ot ubs. 1 0 1 •:.* 20
Avet aqe 34 7. 0 33 7. 2 342. 5
Var r ance 2595.51 1707.51 2151.51
St d . De v i a t i on 50.9462 41.322 46.364 4
Medlan 340. 5 333 335. 5
Difference between Means = 10.8 
Conf. Interval For Diff. in Means: 
(Equal Vars.> Sample 1 — Sample 2






Rat. io of Variances — 1.52006 
Conf. interval for Ratio of Variances: 
Sample 1 v Sample 2
Per cent
Hvpot.hesi s lest for HO: In t f - O
vs Alt: NE
at Ai pha = o .05
Comp uted t st at i st i c = 0.510998
Siq. Level = 0.615563




Sample Statistics: Number ot Obs. lo IO
Average 347.8 591.3
Variance 2595.51 1540.68
Std. Deviation 50.9462 39.2515
Medi an 340.5 592.5
Difference between Means -- —243.5
Conf. Interval For Diff. in Means: 95 Percent
Equal Vars. ) Sample 1 - Sample 2 - 286. 2 38 -200- /62 18 D
‘.Unequal Vars,.) Sample 1 - Sample 2 -286.438 -200.562 16.9 D
Ratio ot Variances -- 1.68466
Cent. Interval tor Rat. i o ot Variances: O Percent
Samp1e 1 r Samp1e 2
Hypothesi *?, ! est .for HO: Diff = O Computed t statistic - — 11
vs Alt: ME Si g. Level = 5.23364E-10
at AJphe - 0-05 so reject HO.
Iwo-Sample Analysis Results
mu1n q 12 mu1n h 12
Sample Statistics: Number of Obs. lo lo
Aver age 337.2 591.3
Var i ancp 1707.51 1540.68
Std. Devi at i on 41.322 39.2515
Median 333 592.5
Difference between Means = —254.1
Conf. Interval For Diff. in Means: 95 Percent
(Equal Vars.) Sample .1 — Sample 2 —291.974 —216.226 18 D
(Unequal Vars.) Sample -d - Sample 2 -291.981 —216.219 18.0 D
Ratio of Variances = 1.10829
Conf. Interval for Ratio of Variances: 0 Percent
Samp1e 1 r Samp1e 2
Hypothesis lest for HO: Diff = O Computed t statistic = — 14
vs Alt: NE Siq. Level = 3.61802E-11




















I wo - Samp l e Audi v e j  5 Resu 11 s
Samp ( e St at. i st its: Ni uriber ot libs.
Hveraoe 
Var i ance?



















Hi tference bet ween Means ** -44.55 
C o m .  Interval tor biff, in Means: 
'.tfqita! Vars.) Sample 1 - Sample 2
<Unequal Vars.) Sample i - Sample 2
Pat. i o of Vctr j anc es O. 569343 
Conf. Interval tor Ratio of Variances: 








H (.t o I 11 f: — i - lot HO:  P i  t f  -  o
vs Alt: NF
at Alpha — o.i
t ornputed f statist ic = ■ 
Sio. I e. el - 1 . 58845P.-4
SC; t c j c t . l  H O.
7531
I wo—Samp1e Analysi= Resuits
ample Statistic! Number of Obs.
fiver aqe
Var i ance



















Difference between Means = -47.5 
f;onf . interval 5 or Diff. in Means: 
ttqual Vars.) Sample 1 - Sample 2
Olnequal Vars.) Sample 1 - Sample 2
Ratio of Variances = u.540319 
Conf. interval for Ratio of 'Variances: 







Hypothesis lost tor HO: Diff = O
vs flit: NE
at Alpha - 0.05
Computed t. statistic = -4.98335
Siq. Level = 9.62495E-5
so reject. HO.
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I wo- samp Ie unaiysis Results
qrabqain cir ahh 1 2m Poo1ed
Number of ubs. J O IO 20
Averaqe 2 14.92 451.64 333.28
Varlance 318./ 02 52/.629 423.166
Bed. oevi i cn i / . at-22 22.9702 24». 5 V 1
HecJi an 2i r .  y 4 4 / . • 5 323. 2
U) H  erpiicc- bet»-«e»en Means = -236./2
toil-!, inter val for pj f f . in Moans: 95 Percent
<Equal Vars. > sample 1 - Sample 2 —256. 052 -21 7. 388 IS D.F.
(Unequal '.Vi s. » Sample 1 - Sampl e 2 -256. 13-7 —217.303 17.0 D.F.
Hsiin oi Variances — 1 >. ‘4026
Uont . interval tor Ratio ot Venances: O Percent
Sample 1 r Sample 2
Hypotf.esi s lost tor Hus Diff - O Computed t statistic = -25.731!
vs Alt: NF. Siq. Level « 1. 1 1G22E-15
at Alplia — O.ofi so re.iect HO.
I no Sample Anal vsis Result*
Sample Statistics Number ot Clbs.
Averaqe
Vat i ance




















Difference between Means — -2.95 
Conf. Interval For Diff. in Means: 
(Lqusl Vars.) Sample 1 - Sample 2
‘.Unequal Vars. > Sample 1 — Sample 2
Hypothesi. s lest for HO: Diff - 0
vs Alt: NE 
at Alpha — 0.05
95 Percent
-25.4816 19.5816 IB D.F.
-25.4827 19.5827 18.0 D.F.
O Percent
Computed t statistic — —0.275135 
Siq. Level = 0.786345 
so do not reject HO.
Ratio c»f Variances - 0.949023 
Conf. lnterval.for F<atio of Variances: 
Sample 1 r Sample 2
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Iwo bample Analysis Results
Sample Statistics: Number of libs.
Aver aqe
Var i ance
St ci. Devi at i on



















Difference between Means — — 192.17 
Conf . Inter val For Diff. i r« Means: 
(tqiieJ Var s. ) Sample 1 — Sample 2
(Unequal Vars.) Bample 1 - Sample 2
95 Percent
-214.083 -170.257 18 D.F.
-214.085 -170.255 18.0 D.F.
Ratio of Variances ~ 1.06092
Conf. Interval for Ratio of Variances!
Samp1e i v Sample 2
Hypothesis lest for HO: Di ft = o
vs Alt: NE
at Alpha - 0.05
Pet cent
Computed t. statistic. = -18.4285 
Siq. Level = 3.93685E-13 
so reject. Ho.
!wo—Samp 1e Ana1vsi s ResuIts
Sample Statistics: Number ot ubs.
Averaqe 
Var i ance 
Std. Deviation 
Medi an
Difference between Means = -189.22 
Conf. Interval For Diff. /in Means: 
(fcquai Vars.) Sample 1 — Sample 2
(Unequal Vars.) Sample 1 - Sample 2
Ratio of Variances = 1.11791 
Conf. Interval for Ratio of Variances: 
Sample 1 v Sample 2
Hypothesis lest for HO: Ditf — O
vs Alt: NE






266.95 447. 3 350. 7
95 Percent
-211.434 -167.006 18 D.F'.
-211.439 -167.001 17.9 D.F.
O Percent
Computed t statist.ic = -17.8998




Sampit St at i st icsi Numl'et ot Ob s.
Average
Var- i ance
St d - Devi at. i on
Medi an
D1 + f e-r eiiee bot.weei i Mean s r- - 29. 4 1
Cont . Inter vat For !> i if. in Means:
(Equal Vars. ) Sample- 1 -- Sample ;
(Unequal Var s.> Bample 1 - Sample ;
Ratio o-l Var iances = 1.85u39
Conf. ititervdl for Ratio of Var l snce:
Sample 1 v Sample ;
Hypothesi s le f fir Hu: 1)3 ft — O
vs Hit.: HE









y . 01.4/ 
364.685 
19.0967 
20 1 . 65
91) Percent
-SO.8353 - / .984 71 IB
-•SO . 9 7 29 - 7 . BA? 1 4 1 fo. 5
Per c ent
Computed t. statistic — 
Siq. l.cvel — v.boBiBE--. 
so re lect Elo.
i wo-Samp i e Analysi s Result*
s amp 1. e St. a t i st i c s : Number of Libs.
fiver aqe
Var i ance














Difference between Means — -11.64 
Conf. Interval For Diff. in Means: 
(Equal Vars.) Samplq 1 - Sample 2
(Unequal Vars.) Sample 1 - Sample 2
Ratio of Variances — 3.40353 
Conf. Interval for Ratio of Variances: 
Sample 1 i> Sample 2
Hypothesis lest for HO: Diff = O
vs Alt: NE
at Alpha = 0.05
95 Percent.
-31.2755 7.99549 IB D
-31.7035 8.42348 13.9 D
Percent
Computed t statistic = — 1
Siq. Level = 0.228832





















Sample Statistics: Number ot Obs.
Averaqe
Var iance












2)6. 3 1 93 
381.. 4f<
Difference bet ween Means = —20/.51 
Con-f. Interval tor Diff. in Means: 
(Equal Vars. ) Sample 1 — Sample 2




Rat i o of Var i ances =■ 0.974163 
Conf . interval -for Ratio ot Variances: 
Sample 1 v Samp* 1 e 2
Per cent
H v p o t  h c s i  5  I e s t  •: o r  HO :  D:i f  f  -  o
vs Alt.: Nb
at. Alpha = o.Oh
Computed t statistic = 
Si a . I eve 1 -• 7. 51621E - 1:
so re iec.it HO.
Iwo-bamnJ e Analvsis Result«
Sftfiipl c- statistics: Number ot libs. 
Aver aqe 
Var i ance 








qrahq 1 2t  
10




Difference between Means ~ 1 7 . 7 7  
lonf. Interval For Diff. in Means: 
(Equal Vars.) Sample;'l -- Sample
(Unequal Vars.) Sample 1 — Sample
95 Percent
2.00291 33.537,1 18 D
1.90352 33.6365 16.6 D
Ratio of Variances = 1.83936
Conf. Interval for Ratio of Variances;



















Hvpot.hesi s Test for HO: Diff — O
vs Alt: NE
at Alpha = 0.05
Computed t statistic == 2.36838
Siq. Level ~ 0.0292616
so reject HO.
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! wo—Samp J e An a 1 y s i s Kesul t s
bample Statisties: Number ot Ubs.
Aver aqe
Var i ance














Difterence between Means — - 178.1 
Lout. Interval F-or Diff. in Means:
(Equal Vars.) Sample 1 — Sample 2




Patio ot Variances - O.526465 
Lont . 1 nt.erval l or Rat.i o ot Variances:
Sample 1 v Sample 2
Hypothesis lest for Hu: Di ft — O
vs Alt: NE
at Alpha ~ 0.05
Percent
Computed t. statistic: - 
Siq. level - 1. 1362E-11 
so rc.iect. HO.
1 wo-Samp1e Analysi s Results
imp1e St atistics; Number of Obs.
Average
Var i. ance














Difference between Means — — 195.8/ 
CorH-. Interval For Diff. in Means: 
(Equal Vars.) Sample 1 — Sample 2
(Unequal Vars.) Sample 1 — Sample 2
Patio of Variances = 0.286221 
Conf. Interval for Ratio of Variances: 
























Hypothesis Test for HO: Diff = O
vs Alt: NE
at Alpha = 0.05
Computed t statistic = -20.7509
Siq. Level = 5.08482E-14
so reject HO.
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v jo—8«.-imp 1 e  H n a i y s i s  Kesults
Samp i e St a t. i st i c i Number ot libs.
f iver ape
Var i ance














Di+terence between Means — — 17.7207 
Mont. Interval (-or- Diff. in Means: 
'Equal Oar s. ,• Sample 1 - Sample 2




h a I i < » of Variances — 1.3^ 




1 r Samole 2
Percent
Hypothf?sis lest tor HO
at.
Ditt - 0 
vs lilt: NE
Alpha ~ O.
Computed t statistic = 
Sip. Level — 7.48152E-4
Iwr■ -sampJ e Ana1vsis Results
Samp 1 e St. at. i st. i c s : Muinber of Ob s .
Averaqe
Var i ance














Difference between Means *= — 19.2273 
Conf. Interval for Diff. in Means: 
(Equal Vars.) Sample 1 - Sample 2




Ratio of Variances - 0.836806
Conf. Interval for Ratio of Variances;
Sample 1 v Sample 2
Percent.
Hypothesis lest for HO: Diff = O 
vs A1 t : NE
at Alpha — 0.05
Computed t statistic = - 
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iwu—SampJe Ana! yEi s Results
Samp 1 e St at.i sties: Number ot
R V P r  i;Cif-
Var- i at ice 
St. d. Devi! 

















1 5 4 . 1 2 3
1 7 0 . 4  7 4
1 3 . Of.fed
1 5 7 . 5
Oi fterence between Mesne- — -S3. 514 
Lonf. Interval tor 01 ft. i n Means: 
(Equal Var s .  t Ba«»pl *• I - Samp 1 e





3 7  D.F.
Pali o ot Variances ~ 1.22281
Ctint. Interval tor h'at.io ot var i ances 
samp1e i r Samp1e .
Percent
Hvpothesis lost tor HO: Oitt = O
vs Alt: ML
at Aj pha -  o -  0 5
( omput.Gd t  stat i sti c - -1 7. 4751 
Siq. Level - 2.22045E-16 
so reject HO.
t wo—Saiiip i e final vsi s Results
Samp. St.:* i: i st i eg: Number ot Mbs. 
tiver aoe 
Var i aiice?
St d . Uov :i at ion 
Medi an
Dit-ference between Means ~ — 1.50667 
Conf. Interval For Diff. in Means: 
(Equal Vars.) Sample 1 - Sample 2
(Unequal Vars.) Sample 1 — Sample 2
puncl 18 
15
1 30. i 8 7 
141.454 
1 1 . 89. (4 
1 30. 4

















Rat i o of Variances - 0.631095 
Conf. Interval for Ratio of Variances: 
Sample 1 v Sample 2
Percent
Flvpothesis lest for HO: Diff “• O
vs Alt: NE
at Alpha = 0.05
Computed t statistic = —0.305185
Siq. Level = 0.762483
so do not reject HO.
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I W O "  Saiilp J & t if t 3 I V?»l S I t
jmpis Statist'll Number of ubs. 
itve-r s u p  
Var i ance?




















Di I tprprire- tipi uren Means 





) - Samp i e 2
1 — Sample 2
95 Percent
- 7 4. 6 V 7 1 -56. 5096 28 D.F
->4.6778 -56. 5089' 28. O D . P
Ratio of Vai i anr p s  — 0.9X221 
* on f . Inter val for Ratio of Variances: 
Samp! & • t Samp) e
Hypothesis Test HO:  u i t  f  -  o
■s « !+ :  NP
at fiJpha - ■>.■
Percent
Computed L statistic - 14.7949
Si o. ! eve |. - 9. 10383E-15 
so re iect Ho.
I wo-Samo I £'• final vfi e Resu J t e
Sampie St at i s1.1. cs : Mumher of libs.
Hv'ef"' Hr- Q tr'
Var i ai‘iC0 
std. Devi ation 
Medlan

















Difference between Means = -64.086/ 
Conf. Interval For Liift. in Means:
Ik qua t Vt«i'F,. ) Samp I e 1 — Sample 2
<Unequal Vars.) Sample i — Sample 2
Ratio of Variances = 1.46129 
Conf. Interval for Ratio of Variances: 
Sample 1 r Sample- 2
95 Percent 




\ ? . 0  D.P
Hypothesis lest for Ho: Diff == o
v s  M l t ; Nfc
at rilpha - o. 05
Computed t statistic = -12.7/44
Siq. I eve1 = 3.35953E— 13
so reject. Ho.
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Jwo Sample finaJ'.'=.]5 Kesnlte
Sample? Statistics: Number ot t3bs. 
Hver acje- 
Varaance 














Di M  ereuc.e between Means - -99.402 
Lout. Interval (-or Ditt. in Means: 
(toual Oar s . ) Bample 1 - Samp1e 2 
(Unequal Vars.) Sample 1 - Sample 2
9b Percent
-(18.4(6 -80.3884 IB
■"119.13 7 — 79. 666b 11.9
Ratio ot V a n a n c e s  ~ o .i66089 
Lont. interval tor Ratio of Variances: 
hdliip! p ! I' Hrtfilp I e 2
Per cent.
H"’(}othesi s least tor !I0: Ditt - \j
vs 0.1 t : ML-1
a t  o l n i ' i a  -  • • . <
Computed t statistic = -I 
8io. L.evel = 2. '.>61 3 /E — 9 
so re.iect Ho.
i a nip i t- 1 vsi £ R'£ ;ul t s
> a fop it? Bt MumDer ot ubs.
Ov nr -iqc
Var i ance
St d . Dev i at i on
Medi an
tear ci i 2i 
lo







/ 02.04 7 
76.4962 
20b.45
Di fteretice between Means = -79.2/
Conf. Interval for Ditt. in Means: 
(Equal Vars.) Sample 1 - Sample 2
(Unequal Oars.> Sample J - Sample 2
K.atio of Variances - 0.282162 
Conf. Interval for Ratio ot Variancesi 













L>. h . 










Hypothesi s lest for HO: Di f-f O
vs Bit: NE
at Hlptia — u. u.rj
Computed t statistic = -8.3^5515




Iwo'-Scifliplc ttrtal ysis Results
Number' ot libs. 
Averaqe 
Var i ance 














iJiH'Prenct' between Meant 
Cent. interval For- ui ft. 
tfcnua] Vars.> Sample
f Unequa i Var s . ) Samp 1 e
- j 04 . 1 v 1 
in Means:
1 - Sample 2
1 - Sample 2
95 Percent 
— 1223 856 -85. 5262! 1 H
-123.704 -84.6/8 11.2 O
Rat jo ot Varjances = o. 1256vl 
Conf. Interval tor Ratio ot Variances: 
Sample i v Sample 2
Percent
Hypothesi s Test tor HOs
at.
L> i 11 = O 
vs Alt: Nh
A 1 p 11 a — O . <
Computed t statistic = 
Biq. l.evel = / . 26614 L
so reject Hu.
imp I r? Analysis Result)
Samp i e St a 11st1c s : <iu mb &r o t Ob s . 
Aver aqe 
Varlance 
St d . be vi at l on 
Median
tearhBm IO
1 I'd . 266 
116.602 








Di f <erencp between Means = - 20.132 
Conf. Interval For Diff. in Means: 
(Equal Vars.) Sample 1 — Sample 2




Ratio of Variances — 0.568£>3
Conf. Interval tor Ratio of Variances;


















D . F .
Hypothesis lest for HO: Diff = O
vs Alt: NE
at Alpha — u.05
Computed t statistic = -3.588/5
Siq. Level = 2.09908E-3
so reject HO.
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I uc-Bismp I r- lirt̂  1 ft'esul t s
Sample? bhatistics: Number of libs.
A veraqe
Mariance












3 0. 7983 
1O7.25
Difference between Means = —4.789 
Conf. Int er s al For Di + f. in Means: 
'Equal Mars.) Sample i - Sample
(Unequal ■ a - . r  s . Sample 1 - sample 2
95 Percent.
-14.2674 4.6893/ I S P
-14.2819 4.70394 17.6 D
Rat i o ot Mar i ances == 0. 744 1 26 
Conf. interval for Ratio ot Var i ances 
Sample 1 r Sample .
Per cent.
Hypothesis Test tor HO:
at
Djft - o 
vs Ait: NE 
Alpha ~ ■:>.<
tomputed t st at i st i c 
Sig. Level — 0.30238'. 
so do not reject. HO.
f wo—Samp 1 e An a I vs i s k «?s u  11 s
Sample Statistics: Number ot Mbs.
Averaqe
Mariance












1 4 .0745 
12 7.05
Difference between Means = -24.921 
Conf. interval For Diff. in Means: 
(Equal Vars.> Sample 1 f Sample




Ratio of Variances = 0.438368
Conf. interval for Ratio of Variance?
Sample 1 f  Sample i
Hypothesis lest for HO: Diff = O
vs Alt: NE
at Alpha = 0.05
Percent
Computed t statistic = - 4
Siq. Level = 1.91116E-4





















Sample Statistics: Number ot Cibs. 
Hverape 
Var1ance 














Di tterence be1weRh Means — -87. 332 
Conf. Interval t-or Uj ft. in Means: 
(Equal Vars.) Sample 1 - Sample
(Unequal Vars.) Sample 1 - Sample
95 Percent 
-1U 7.522 -6/. 1416 18
-1 07 . 66b -66 . 9963 16.4
Ratio o+ Variances - 0 .520079 
Corit . Interval tor Ratio ot Vari ance: 
Bample 1 v Sample
Percent
Hypothesis lest tor HO: ijj ft - o
vs 81t : NE
at rtlphd — O.t
Computed t statistic — - 
Sip. Level — 3. 7 9935E—8 
so reject Ho.
I wo—Camp 1 e- tin a i ys l s Rest Cl t
Samp1e Sta ti s t i c Mumbor of ubs, 
Over ape 
Var i ance 
Std. Deviation 
Med i an












Litter ence bel.ween Means = - 105. 191 
Conf. Interval tor Lift, in Means: 
(Equal Vars.> Sample 1 - Sample
(Unequal Vars.) Sample I - Sample
95 Percent 
-122.79/ -87.5853 18
-123.495 -86.837 11.7 D
Ratio ot Varia nces - 0.155798 
Conf. Interval for Ratio ot Variances: 
Sample 1 y Sample 2
Hypothesis Test tor HO: Diff = O
vs Alt: NE
at. Alpha = 0.05
Percent
Computed t statistic = -1





















I ■•in S jmp I e ' ii »a l. vs v s Kssu its
Samp • o St at t <=t i css Mi umber of ubs.
fiver afir 
Var i ance 










1 6 1 . 5 8  
6 0  /  . 2 8 2
24.64 3 1  
i y >.  2
vi f f er w e e  bei'.wen Means -1 03.858 
Lon !:. 1 nker val tor Di tt. in Means:
iRqurjJ Vsrs. ) Sample i  -  Sample 2
1- Hnr?<jua I '/arc. ■ bample 1 — Samp i e 2
9“i Percent
- i 2.2 . 48 / “85 . 2294 1 8
-122.892 -84.823 7 13.9
Rat j a fit var .« anr et? — t>. 29400 7 
m n t .  Iru orvai tor Patio ot v«ar i ancps 
S a m p l e  i  ! b a i l i p  I 2
f-tar (.rent
Hynovir-si a I v=i tor Ho: U itt - v
vs P M  : Nfc-
a I Alpha - \ j . 05
Computed t statistic - -1 
Siq. I e v p 1 -• 7 .414 3 £-J O
so reject. Ho.
I t-io--bi-iTip J .e On a i yci c Kesnlte
ti amp! e S t t lst.i number of Mbs.
P.vear .aqp
Var i ance













uifterence between Means — 17.859 
conf. Interval Par Pitt, in Means:
- (Cquai Vars.» Sample 1 — Sample






Ratig of Variances — 3.33016 
cont . Inter val for Ratio ot V a n  anre 








D. r .  
D.F.








i lypol ligr.,! s i^st tor HO: . Di f f - O
v 3 A l t :  N£
at Alpha - 0.05
Computed t statistic = 2.78758
Siq. Level = 0.012155/
so reiect HO.
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i wo Sample tinalvsis Results
Sample btatisfics: Number of Ubs.
liver cige
Ve*r i dll I CP











17. / 7 1 /  
98.535
Di iterenc.c be** wc.-eri I leans •- — 16.526 
Conf. Interval For Di -ft. in Means: 
•iLquai Vers. > BampJ c 1 - Stamp 1 e
iUnequal Vars.J Sample 1 — Sample
95 Percent.
-31.3017 -i.75035 IB
- 5 I.3838 -1.66822 16./
Ke,l io ot u£ir icinrei- — «>. 5653*12 
Ccn f . ( nt.or -. a 1 tor Rat l o of Var i anc.es:
Sample i v Sample 2
Percent
Hypotheci s ‘f sst tor- HO: Ui f t — O
vs tilt: NE
at rtl pha — o. O5
Computed r statistic = 
Sin. level — 0.030357. 
so reject HO.
! wo- HaiiifiJ e final vsi.s Results
Samn I r? St'at i s i  i c • N u m b e r of Ubs. 
fiver aqe 
V a n  ance 









94.6 J 34 
9.72694 
72.01
ill ttsrence between Means ~ 1.3.53 
Conf. interval for Diff. in Means:
<Equal Vars.i Sample 1 - Bample 2
t Unequal Vars. 1 Sample 1 - Samp it? 2
95 Per cent.
-9.6500 7 12.3161 18 D
-9.7249 12.5909 16.4 D.
Ratio of Variances - 1.8871 
conf. Interval for Ratio of Variances: 



















Hypot liesj s lest tor Mo: Diff — O
vs Hit: NE
at fiipha --- 0.05
Computed t statistic - 0.255048
Siq. Level = 0.80157 7
so do not reject HO.
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I Wf «- :-irifiir > • f* Afte* I veil c RC'Slll tS
b.̂ lilp 1. .i S * 3 1 ’it'. 1 ' Number c*t libs. 
Avtt tHH"
Var-1 anco  
Std. Deviation 
Med i an
t-i on 8m 
1 u
6 / . 2ft 
18. 8043 
4.3364 
ft / . 9 I






Di. 11-oren.c.t? batwwwii Hdjn?, — ft. 274 
Pont. liii ervsj tor Uifi. in Moans: 
'.tqual Vars..1 bample 1 — Sample
‘.Unequal Vars. > Sample 1 — Sample
Nati a ot Variances = L. 00838 
Oonf. Interval tor Ratio nf V&r i nnct 
Sample 1 v Sample
H y p o t h e s i s  ! A. tor HO: Ui ft -- •>
vs m r : MS 
at Alpha — o.uf
9fi Percent.
2. 207 1 7 10 . 3408 




computed t statistic - I 
Siq. Level = 4.020048—3 
so r e  iect Ho.
S a m p  J. e
I wo-Samp i e final ysi s Results
f i t . iM i t jo r  ■ 
i ;ver aqe 
Var i anc: 
Sid. Dtr 
Med l ai i
»t U b s .
S3 J oi]8in
J. O










Us -f lurencfe between Means = -0.5 79
l.ciut . lnier vfM or Diff. i rt Means: 
(Equal Var s..1 Sample? 1 — Sample
(Unequal Vars . > Sample 1 - Sample
95 Percent
-5.39825 4.24025) 18 I
-5.42645 4.2ftB45 lft.ft 1
Ratio of Variances - 0.356532 
Loot. Interval for Ratio of Variances: 
Sample 1 v Sample 2
Hypothesis lest for Mi Diff = O 
vs Alt: NE 
at. Alpha = 0.05
Percent
Computed t statistic = -i
Siq. Level = 0.803536




















I wo Samp 1 a Ana 1 ysi a HjsuI ta





Hi t ( w  pricf' fc>F-tween Means " --1 V. 763 
Interval tor Diff. i n Means:
is.> Sample 1 — Sample
Var's. > Sample i — Sample
Con i .
•I ci n a I 
< UnequaI
e l  on8m 
Jo
6 7 . 26 
IS. 804, 
'! . 3364 
67. VI




5. 038 74 
8/. 99
OS Percent 
-24.180/ -IS .3452 
-24.18 77 -15.338::
IS
1 /  . 6
Nat io 01 Vai ianc;es - 0. /'10652
Coii'f . ln!.arv,iJ. tor Hat a u ot Var 1. ar tc;
Sample 1 1 Sample
P e r c e n t
Hypothesis I tor Ho: l).i t t -= o
vs AJ i : Nt.
at HiphiS 0.05
Computed t statistic - —9 
Si o . l evel « 2. 2905/£-8 
s o reject M O .
I o(.i samp i e 1 in a 1 Resul t.■
. T a m p  1 e Number ot Ubs. 
fiver aqe*
Vari ance 
5td . Dev i at 1 on 
Med1 an












Difference between Means - -6.853 
Conf. Interval for Diff. in Means: 
(Equal Vars.I Sample 1 Sample 2
(Unequal Vars.> Sample 1 ~ Sample 2
95 Percent
-11.6651 -2.O 4092 18
-11.694 -2.01199 16.6 D
Ratio of Variances - 0.551906
Conf. Interval for Ratio of Variances!
Sample 1 v  Sample 2
Hypothesis Test for HO: Dif-f — O
vs Alt: NE
at Alpha - o.05
Percent
Computed t statistic — -






4.V OO 7 
74. 765
D.F. 












I wo bniinp I e mu a I vsi s Kf'51.111. a
Samp 1. e St at i stici Number ot Gbs.
Aver aqe
Var i. ai ice
Si d . Dev i at. i on
Medi an












Di ffcrencc between Means. ~ - 26.037 
Conf. Inferval. For Diff. in Means: 
(Equal Vars.) Sample 1 — Sample
(Unequal Vars.) Sample 1 - Sample
95 Percent. 
-30.4469 -21.6271
-30. 454 ! -21.6197
18
17.6
Ratio of Variances - O.734496 
Conf. Interval for Ratio of Variances: 
sample 1 r Samp I e 2
Percent
Hypothesis test for HO:
at
Diff - O 
's Pit: NF
ilpha - 0.0
Computed t statistic - -1 
Siq. l.evel = 2.9426E— IO 
so reject HO.
(wo Sample final v b i s  Resul t:
Samp 1 c? Si a t i st i c s : Number of Ubs.
Over aq e
Var i ance
St.cl. Devi at i on
Mod i an












Difference between Means -- -19.184 
Conf. Interval For Diff. in Means: 
(Equal Vars.) Sample 1 — Sample 2
(Unequal Vars.) Sample 1 - Sample 2
Ratio of Variances = 1.33084 
Conf. Interval for Ratio of Variances: 
























Hypothesis lest, for- HO: Diff = 0
vs Alt: NE
at Alpha = 0.05
Computed t. statistic = —7.88609




I wo~-San«p J e f i n a l ysi s Results
Sample Statistics: Number ot Ubs.
Aver aqe
Var i ance














Di tterones between Means — 9. 202 
i;on-f. Interval tor Ditt. in Means:
<Equal Vars.) Sample 1 — Sample 2
(Unequal Vars.) Sample 1 — Sample 2
95 Percent
5.04888 13.3551 18 D.
5.0 1506 15.3889 j 6.2 D ,
Ratio of Variances r~ 2. 0 108
Cent. Interval tor Rat i o ot Variances.
Sample 1 v Sample 2
Hvpnthesis lest for Ho; Ditt = O
vs Alt: ME
ai Alpha - 0.05
Percent
CnmimtFd t statistic = > 
Siq. Level ~ 1.964/5E—4 
so re ior t HO.
I' wo-Ssmp 1 e Anal ysi s Re-suIts
Samo1e St at i st i c \ Number- ot (tbs.
Aver aqe
Var j . ance
S1.d . Devi at. i on
Median
e lo q S c  
1 O










Ditterence between Means = 0.842 
Conf. Interval For Ditt. in Means: 
(Equal Vars.) Sample 1 — Sample 2
(Unequal Vars.) Sample 1 ~ Sample 2
Ratio ot Variances = 0.950265 
Pont. Interval tor Patio ot Variances: 






















.F .  
. F .
Hypothesis Test tor HO: Ditt - O
vs Alt: NE
at Alpha = 0.05
Computed t statistic = 0.363903
Siq. Level — 0.72017
so do not reject HO.
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I wo -6ampI i? Hnsl vs: Hesul. r.?.
Samplo St.ati Numb of of ubs.
fiver ao r
Var1ance




/1 - 79 
26. 0850 
S . 10/43 
72. 59






Oil-fertiice between Means = -11. 779 
Uonf. Interval hoe Oi + K  in Means: 
(Equal Oars.) Sample 1 — Sample
(Unequal Vars.) Sample i — Sample
Ratio of Vat 
Conf . Intet -
i ancos ~ 1.4249 /
ai for Ratio of Variance?
Sample 1 r Sample 1
Mypothesi s I es t tor HO: In t *■ — tt
vs Alt: NE
at Alpha - O.05
95 Percent
-16.2066 -7.3514 18 D
-16.2164 — / .34163 17.5
Percent
Computed t statistic : 
Si ci. Level — 2.63451b.' 
so reject HO.
!wo Sample Ana J y si s Rest ()t
S ample S t a t i = t i c s : Number of LJbs.
n v c r a q e
V a r ia n c e
St.d, Dev i at l on




1.2. 9 728 
3.60178 
60.81






Difference between Means ~ —8.36 
Conf. Inter val F or Diff. in hearts: 
(Equal Vars.) Sample 1 — Sample
(Unequal Vars.) Sample JL — Sample-
95 Percent.
-12.5851 -4.13492 18
-12.6243 -4.095 71 16.0
Ratio o+ Variances — 0.472579
Con-f . Inter val for Ratio of Variance;

















D . F . 
D.F.
Hypothesis lest for Ho: Diff = O
vs Alt: NE
at Alpha = 0.05
Computed t statistic = -4.15803




Bample Statistics: Number- of Ob s. 
Averaqe 















Difference between Means = -20.981 
Conf. Interval For- Diff. in Means: 
(Equal Vars.) Sample 1 - Sample :
(Unequal Vars.) Sample 1 - Sample .
Fat. i o of Variances — O. 706657
Conf. interval for Ratio of Variance;
Samp 1 e I r- Samp i e j
Hypot.hesi s test, for HO: Diff - o
v  h  A l t :  ME.
at Alpha = 0.05
95 Percent
-24.6976 -17.2644 IB
-2 4. 7053 -17.2567 17.5
Percent
Computed t statistic = -1 
S i q . Leve 1 — 6. 0686 7 E. — ) O 
so re.iect Ho.
I wo-Saflip 1 e Hn a 1 vsi s K'esn 1 t
Sample Statistics: Number of Obs.
Aver aqe 
Var i ance 
St d . Dev i a1i on 
Med i an










4 . 2 /858 
85. 32
Difference between Means = -12.621 
Conf. Interval For Diff. in Means: 
(Equal Vars.) Sample 1 - Sample 2
(Unequal Vars.) SampleJl - Sample 2
Ratio of Variances = 1.49955 
Conf. Interval tor Ratio of Variances: 
S a m p l e i  v Samp1e 2
Hypothesis Test, for HO: Diff = O
vs Alt: NE





Computed t statistic = -5





















I wo-bsinp J e Anal ysi s Resu] t s
Sample b t a t . i s t . i c E :  Number of Obs.
Aver ape
Var' i ance














Di f tor fence between Means = -0.9 
Coin' . Interval For ui+f. in Means: 
(Equal Oars- Sample t — Sample 7
(Unequal Vars.3 Sample 1 - Sample 2
Ratio, of Variances - •>..'*7411 
i.Joni . Interval tor Ratio o+ Variances: 
Sample 1 r Sample 7
95 Her cent
— 3.57*97 -0.273081 18
-•1.54767 -<>.75737/ 13.4
Percent
H/pnt lie-i s lest for 1lO: Diff — o
vs Alt: ME
at Alpha = 0.05
Coffiputed t s t  a t  i  s t .  i  c  =
S i q . L .eve 1 “ 7.40945E-
s o  r e j e c t .  HO.
wo-Samp1e AnalysiB Results
Samp 1o Statistics Number of Obs.
Average
Var i ance













Difference between. Means =• 1.56 
Conf. Interval For Diff. in Means: 
(Equal Vars.) Sample 1 - Sample 2
(Unequal Vars.) Sample 1 - Sample 2
Ratio of Variances = 1.35476 
Conf. Interval for Ratio of Variances: 



















O . 160778 
O.400971
Hypothesis lest for HO: Diff = O
vs Alt: NE
at Alpha = 0.05
Computed t statistic = 8.69955
Sig. Level = 7.27974E-8
so reject HO.
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Two—Samp 1e Analvsi s Resul15
Sample Statistics: Number of Obs.
A verage  



















Difference between Means — 0.76 
Conf. Ini &rval For Diff. in Means: 
(Equal Vars.> Sample 1 — Sample 2
(Unequal Vars.) Sample 1 — Sample 2
95 Percent
O.4 0 8 7 8 1  1 .11 122 1 8  D. P .
0 . 4 0 6 1 0 9  1.113 8 9  1 6 .  3  D. F: .
Ratio ot Variances — 1.96113 
Conf. inter vai tor Ratio of Variances: 
Sample J r Samp.lt? 2
Percent
Hypothesis lest for HO: Diff = O
vs Alt: ME
at A'J pha - O . (
Computed t statistic = 4, 
Sig. Level = 2.49585E-4 
so reject Ho.
54 /'29
lwf.i- BeiripJe Anal vs is Results
imp 1 e Si at i ot i c ■ Number of Obs.
fiver aqe
Var i ance




















Difference between Means = 2.46 
Conf . Interval For Diff,' in Means: 
(Equal Vars.J Sample 1 - Sample 2
(Unequal Vars.) Sample 1 - Sample 2
95 Percent
1.85038 3.06962 18 D.F.
1.82981 3.09019 12.4 D.F.
Ratio of Variances — 5.16273 
Conf. Interval tor Ratio ot Variances: 
Sample 1 v Sample 2
Percent
Hypothesis lest, tor HO: Diff = O
vs A11.: NE
at Alpha = 0.05
Computed t statistic = 8.47996
Siq. Level = 1.05849E-7
so r e i ect H O .
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Iwo-Samplc Anai vsi s Result;
imp 1 *- . !' =.i L 1 st i CS! Number of (tbs. 
Aver aqe 
Var i ance 








permh i 2 
1 o
3. 19








Di ffcrence between Means — 1 . 66 
Conf. J nt pfva1 tor Diff. in Means: 
(Equal Vars.) Sample 1 — Sample 2
(Unequal Vars.) Sample 1 — Sample 2
95 Percent 
1.06587 2.2541: 18 D.F.
i.04 2.28 11.4 D.F.
Ratio of V a n  anc.es - 7.4 735 
Conf. Interval i or Ratio of Variances: 
Sample 1 r Sample 2
Per cent
Hypothesis lest for HO: Diff —■ 0
vs Alt: NET
at Alpha — 0.0*
Comp ut. ed t st at i st ic — 5.8714' 
Siq. Level = 1.46804E-5 
so reiect HO.
ianipl e Anal vsi s Resul ts
Sample Statistics: Number of Gbs. 
Aver aqe 




















Difference between Means = -O. B 
Conf. Interval For Diff. in Means; 
(Equal Vars.) Sample 1 - Sample 2
(Unequal Vars.) Sample 1 - Sample 2
Ratio of Variances -- 1.44759 
Conf. Interval for Ratio of Variances: 
Samp1e 1 v Samp1e 2
Hypothesis lest for HO: Diff = O
vs A1t: NF





Computed t statistic 
Siu. Level = 5.252E-! 
so reiect HO.
18 D.F. 
17.4 D.F.
= -5.26488
